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INTKODUCTION. 

The  chief  object  of  the  present  work  is  to  describe 
and  connect  together  several  large  classes  of  move- 
ment, common  to  almost  all  plants.  The  most  widely 
prevalent  movement  is  essentially  of  the  same  nature 
as  that  of  the  stem  of  a  climbing  plant,  which  bends 
successively  to  all  points  of  the  compass,  so  that  the 
tip  revolves.  This  movement  has  been  called  by 
Sachs  **  revolving  nutation ;"  but  we  have  found  it 
much  more  convenient  to  use  the  terms  drcumnutation 
and  circumnuiate.  As  we  shall  have  to  say  much 
about  this  movement,  it  will  be  useful  here  briefly  to 
describe  its  nature.  If  we  observe  a  circumnutating 
stem,  which  happens  at  the  time  to  be  bent,  we  will 
say  towards  the  north,  it  will  be  found  gradually  to 
bend  more  and  more  easterly,  until  it  faces  the  east ; 
and  so  onwards  to  the  south,  then  to  the  west,  and 
back  again  to  the  north.  If  the  movement  had  been 
quite  regular,  the  apex  would  have  described  a  circle, 
or  rather,  as  the  stem  is  always  growing  upwards,  a 
circular  spiral.  But  it  generally  describes  irregular 
elliptical  or  oval  figures ;  for  the  apex,  after  point- 
ing in  any  one  direction,  commonly  moves  back 
to  the  opposite  side,  not,  however,  returning  along 
the  same  line.  Afterwards  other  irregular  ellipses 
or  ovals  are  successively  described,  with  their  longer 
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axes  directed  to  different  points  of  the  compass. 
Whilst  describing  such  figures,  the  apex  often  travels 
in  a  zigzag  line,  or  makes  small  subordinate  loops  or 
triangles.  In  the  case  of  leaves  the  ellipses  are 
generally  narrow. 

Until  recently  the  cause  of  all  such  bending  move- 
ments was  believed  to  be  due  to  the  increased  growtli 
of  the  side  which  becomes  for  a  time  convex ;  that  this 
side  does  temporarily  grow  more  quickly  than  the 
concave  side  has  been  well  established  ;  but  De  Vries 
has  lately  shown  that  such  increased  growth  follows 
a  previously  increased  state  of  turgescence  on  the 
convex  side.*  In  the  case  of  parts  provided  with  a 
so-called  joint,  cushion  or  pulvinus,  which  consists  of 
an  aggregate  of  small  cells  that  have  ceased  to 
increase  in  size  from  a  very  early  age,  we  meet  with 
similar  movements;  and  here,  as  Pfeffer  has  shown t 
and  as  we  shall  see  in  the  course  of  this  work, 
the  increased  turgescence  of  the  cells  on  opposite 
sides  is  not  followed  by  increased  growth.  Wiesner 
denies  in  certain  cases  the  accuracy  of  De  Vries'  con- 
clusion about  turgescence,  and  maintains}  that  the 
increased  extensibility  of  the  cell-walls  is  the  more 
important  element.  That  such  extensibility  must 
accompany  increased  turgescence  in  order  that  the  part 
may  bend  is  manifest,  and  this  has  been  insisted  on  by 
several  botanists  ;  but  in  the  case  of  unicellular  plants 
it  can  hardly  fail  to  be  the  more  important  element. 
Oi.  the  whole  we  may  at  present  conclude  tliat  in- 


♦  Sachs  first  showed  ^'Lchr- 
bnoh/  Ac,  4th  edit.  p.  452)  the 
intimate  connection  between  tur- 
gescence and  growth.  For  De 
Vries'  interesting  essay,  *  Wachs- 
thumskriimmungen  mehrzelliger 
Organe/  see  '  Bot.  Zeitung,'  Deo. 


19,  1879,  p.  830. 

t  •  D.e  rcriodischcn  Bewegun- 
gen  dor  Blattorgane/  1875. 

I  *  Untersuchungen  iiber  den 
Holiotropismus/  Sitzb.  der  K. 
Akad.  derWissenschaft  (Vienna), 
Jan.  1880. 
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creased  growth,  first  ov  one  side  and  then  on  another, 
is  a  secondary  effect,  and  that  the  increased  tur- 
gescence  of  the  cells,  together  with  the  extensibility 
of  their  walls,  is  the  primary  cause  of  the  movement  of 
circu  mnutation.* 

In  the  course  of  the  present  volume  it  will  be  shown 
that  apparently  every  growing  part  of  every  plant  is 
continually  circumnutating,  though  often  on  a  small 
scale.  Even  the  stems  of  seedlings  before  they  have 
broken  through  the  ground,  as  well  as  their  buried 
radicles,  circumnutate,  as  far  as  the  pressure  of  the 
surrounding  earth  permits.  In  this  universally  pre- 
sent movement  we  have  the  basis  or  groundwork  for 
the  acquirement,  according  to  the  requirements  of  the 
plant,  of  the  most  diversified  movements.  Thus,  the 
great  sweeps  made  by  the  stems  of  twining  plants, 
and  by  the  tendrils  of  other  climbers,  result  from 
a  mere  increase  in  the  amplitude  of  the  ordinary 
movement  of  circumnutation.  The  position  which 
young  leaves  and  other  organs  ultimately  assume 
is  acquired  by  the  circumnutating  movement  being 
increased  in  some  one  direction.  The  leaves  of 
various  plants  are  said  to  sleep  at  night,  and  it  will 
be  seen  that  their  blades  then  assume  a  vertical 
position  through  modified  circumnutation,  in  order 
to  protect  their  upper  surfaces  from  being  chilled 
through  radiation.  The  movements  of  various  organs 
to  the  light,  which  are  so  general  throughout  the 
vegetable  kingdom,  and  occasionally  from  the  light, 
or  transversely  with  respect   to  it,  are  all  modified 


♦  See  Mr.  Vine's  exceUent  dis- 
cussion C  Arbeiton  des  Bot.  In^ti- 
tuts  in  Wurzburg/  B.  II.  pp.  142, 
]  43, 187S)  on  tliis  intricate  subject. 
Hofmeister's  observations  (*  j>ih- 
reschrifte  des  Vereins  fur  Vatcrl. 


Naturkunde  in  Wurteniberg,* 
1874,  p.  211)  on  tlie  curious  move- 
ments of  Spirogyra,  a  plant  con- 
sisting of  a  single  row  of  celIs,.aro 
vulnable  in  relation  to  tliissubjcot. 
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forms  of  circumnutation ;  as  again  are  the  equally 
prevalent  movements  of  stems,  &c.,  towards  the  zenith, 
and  of  roots  towards  the  centre  of  the  earth.  In 
accordance  with  these  conclusions,  a  considerable  diffi- 
culty in  the  way  of  evolution  is  in  part  removed,  fv.ir 
it  might  have  been  asked,  how  did  all  their  diversified 
movements  for  the  most  different  purposes  first  arise  ? 
As  the  case  stands,  we  know  that  there  is  always 
movement  in  progress,  and  its  amplitude,  or  direc- 
tion, or  both,  have  only  to  be  modified  for  the  good 
of  the  plant  in  relation  with  internal  or  external 
stimuli. 

Besides  describing  the  several  modified  forms  of 
circumnutation,  some  other  subjects  will  be  discussed. 
The  two  which  have  interested  us  most  are,  firstly,  the 
fact  that  with  some  seedling  plants  the  uppermost 
part  alone  is  sensitive  to  light,  and  transmits  an  influ- 
ence to  the  lower  part,  causing  it  to  bend.  If  there- 
fore the  upper  part  be  wholly  protected  from  light, 
the  lower  part  may  be  exposed  for  hours  to  it,  and  yet 
does  not  become  in  the  least  bent,  although  this  would 
have  occurred  quickly  if  the  upper  part  had  been 
excited  by  light.  Secondly,  with  the  radicles  of  seed- 
lings, the  tip  is  sensitive  to  various  stimuli,  espe- 
cially to  very  slight  pressure,  and,  when  thus  excited, 
transmits  an  influence  to  the  upper  part,  causing  it  to 
bend  from  the  pressed  side.  On  the  other  hand,  if 
the  tip  is  subjected  to  the  vapour  of  water  proceeding 
from  one  side,  the  upper  part  of  the  radicle  bends 
towards  this  side.  Again  it  is  the  tip,  as  stated  by 
Ciesielski,  though  denied  by  others,  which  is  sensitive 
to  the  attraction  of  gravity,  and  by  transmission  causes 
the  adjoining  parts  of  the  radicle  to  bend  towards  the 
centre  of  the  earth.  These  several  cases  of  the  efiects 
of   contact,   other   irritants,   vapour,    light,   and    the 


IXTRODUCTIOX,  5 

attraction  of  ^rravitv  beinir  transmit  toil  from  the  ex- 
cited  part  for  some  little  distance  along  the  organ  in 
question,  have  an  important  bearing  on  the  theory  of 
all  such  movements. 

Ttrmincfo^. — A  brief  explanation  of  some  tonus  which  will 
be  used,  most  here  be  given.  With  seedlings,  the  stem  which 
supports  the  coiyi&ions  (i.e.  the  organs  which  repiesent  the  first 
icaves)  has  been  called  by  many  botanists  the  hyjxH\>t.vK\lonous 
stem,  but  for  brevity  sake  we  will  speak  of  it  merely  as  the 
hyffocoiyl:  the  stem  immediately  above  the  cotylcilons  will  he 
called  the  epicuiyl  or  pi Hmule.  The  trulid''  can  Ix)  distinguished 
from  the  hypocotyl  only  by  the  presence  of  nx)t-hair8  and  the 
nature  of  its  covering.  The  meaning  of  the  woni  ci rc«m mm- 
tatif/n  has  already  been  explaincii.  Authors  s^XMik  of  ix>8itive 
and  n^ative  heliotropism,*--that  is,  the  bending  of  an  organ 
to  or  from  the  light ;  but  it  is  much  more  convenient  to  confine 
the  word  htUotnfpism  to  bending  towards  the  light,  and  to 
designate  as  a/heliotntpism  l)ending  from  the  light.  There  is 
another  reason  for  this  change,  for  writers,  as  wo  have 
observed,  occasionally  drop  the  atyectivea  /xx'nY/w  and  ntyndvr^ 
and  thus  introduce  confusion  into  their  discussions,  />iaAf/i'>- 
tjvpistn  may  express  a  position  more  or  less  transverse  to 
the  light  and  induced  by  it.  In  like  manner  positive  gei^tro- 
pism,  or  bending  towards  the  centre  of  the  earth,  will  l)o 
called  by  us  geotropism ;  apogeoiropism  will  mean  l)ending  in 
opposition  to  gravity  or  from  the  centre  of  the  earth;  and  dia- 
jeotropism,  a  position  more  or  less  transverse  to  the  radius  of 
the  earth«  The  words  heliotropism  and  geotropisni  proixjrly 
mean  the  act  of  moving  in  relation  to  the  light  or  tlio  earth ; 
but  in  the  same  manner  as  gravitation,  though  dcfuicd  as  "  the 
act  of  tending  to  the  centre/'  is  often  used  to  express  the  caimo 
of  a  body  falling,  so  it  will  be  found  convenient  occasionally  to 
employ  heliotropism  and  geotropism,  &c.,  as  the  cause  of  the 
movements  in  question. 

The  term  epinasty  is  now  often  used  in  Germany,  and  inii)lic8 
that  the  upper  surface  of  an  organ  grows  more  quickly  than  the 


*  The  highly  useful  terms  of  Frank:  sco  his  roinarknblo  '  Bel- 
Heliotropism  and  Geotropism  trage  zur  I'danzeuphyiiiologie,* 
were    first   use<l    by  Dr.  A.  B.       1868. 
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lower  surface,  and  thns  causes  it  to  bend  downwards.  Hyfio* 
natty  is  the  reverse,  and  implies  increased  growth  along  the 
lower  surface,  causing  the  part  to  bend  upwards.* 

Mtthods  of  Observation. — The  movements,  sometimes  very 
small  and  sometimes  considerable  in  extent,  of  the  various 
organs  observed  by  us,  were  traced  in  the  manner  which  after 
many  trials  we  found  to  be  best,  and  which  must  be  described. 
Plants  growing  in  pots  were  protected  wholly  from  the  light, 
or  had  light  admitted  from  above,  or  on  one  side  as  the  case 
might  require,  and  were  covered  above  by  a  large  horizontal 
sheet  of  glass,  and  with  another  vertical  sheet  on  one  side.  A 
glass  filament,  not  thicker  than  a  horsehair,  and  from  a  quarter 
to  three-quarters  of  an  inch  in  length,  was  affixed  to  the  part  to 
be  observed  by  means  of  shellac  dissolved  in  alcohol.  The 
solution  was  allowed  to  evaporate,  until  it  became  so  thick  that 
it  set  hard  in  two  or  three  seconds,  and  it  never  injured  the 
tissues,  even  the  tips  of  tender  radicles,  to  which  it  was  applied. 
To  the  end  of  the  glass  filament  an  excessively  minute  bead  of 
black  sealing-wax  was  cemented,  below  or  behind  which  a  bit  of 
card  with  a  black  dot  was  fixed  to  a  slick  driven  into  the  ground. 
The  weight  of  the  filament  was  so  slight  that  even  smaU  leaves 
were  not  perceptibly  pressed  down.  Another  method  of  obser- 
vation, when  much  magnification  of  the  movement  was  not 
required,  will  presently  be  described.  The  bead  and  the  dot 
on  the  card  were  view^ed  through  the  horizontal  or  vertical 
glass-plate  (according  to  the  position  of  the  object),  and  when 
one  exactly  covered  the  other,  a  dot  was  made  on  the  glass-plate 
with  a  sharply  pointed  stick  dip];)ed  in  thick  Indian-ink.  Otlier 
dots  were  jnade  at  short  intervals  of  time  and  these  were  after- 
wards jomed  by  straight  lines.  The  figures  thus  traced  were 
therefore  angular;  but  if  dots  had  been  made  every  1  or 
2  minutes,  the  lines  would  have  been  more  curvilinear,  as 
occurred  when  radicles  were  allowed  to  trace  their  own 
courses  on  smoked  glass-plates.  To  make  the  dots  accurately 
was  the  sole  diflSculty,  and  required  some  practice.  Nor  could 
this  be  done  quite  accurately,  when  the  movement  was  much 
magnified,  such  as  30  times  and  upwards;  yet  even  in  this 
case  the  general  course  may  be  trusted.  To  test  the  accuracy 
of  the  above  method  of  observation,  a  filament  was  fixed  to  an 


♦  These  terms  are  used  in  the      *  Wiirzburg    Aiboitcn,'    Heft    ii. 
■ense  given  them  by  Dc  VricSf      1872,  p.  252. 
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ioanimate  object  which  was  made  to  siide  along  a  straight 
edge  and  dots  were  repeatedly  made  on  a  glass-plate;  when 
these  were  joined,  the  result  ought  to  have  been  a  perfectly 
straight  line,  and  the  line  was  very  nearly  straight  It  may  be 
added  that  when  the  dot  on  the  card  was  placed  half-an-inch 
below  or  behind  the  bead  of  sealing-wax,  and  when  the  glass- 
plate  (supposing  it  to  have  been  properly  curved)  stood  at  a 
distance  of  7  inches  in  front  (a  common  distance),  then  the 
tracing  represented  the  movement  of  the  bead  magnified  15 
times. 

Whenever  a  great  increase  of  the  movement  was  not  required, 
another,  and  in  some  resi)ects  better,  method  of  observation  was 
followed.  This  consisted  in  fixing  two  minute  triangles  of  thin 
paper,  about  ^  inch  in  height,  to  the  two  ends  of  the  attached 
glass  filament ;  and  when  their  tips  were  brought  into  a  line  so 
that  they  covered  one  another,  dots  were  made  as  before  on  the 
glass-plate.  If  we  suppose  the  glass-plate  to  stand  at  a  dis- 
tance of  seven  inches  from  the  end  of  the  shoot  bearing  the 
filament,  the  dots  when  joined,  will  give  nearly  the  same  tigui-e 
as  if  a  filament  seven  inches  long,  dipped  in  ink,  had  been 
fixed  to  the  moving  shoot,  and  had  inscribed  its  own  course 
on  the  plate.  The  movement  is  thus  considerably  magnified; 
for  instance,  if  a  shoot  one  inch  in  length  were  bending,  and 
the  glass-plate  stood  at  the  distance  of  seven  inches  the  move- 
ment would  be  magnified  eight  times.  It  would,  however,  have 
been  very  difficult  to  have  ascertained  in  each  case  how  great 
a  length  of  the  shoot  was  bending;  and  this  is  indispensable 
for  ascertaining  the  degree  to  which  the  movement  is  magnified. 

After  dots  had  been  made  on  the  glass-plates  by  either  of 
the  above  methods,  they  were  copied  on  tracing  paper  and 
joined  by  ruled  lines,  with  arrows  showing  the  direction  of  the 
movement  The  nocturnal  courses  are  represented  by  straight 
bi-oken  lines.  The  first  dot  is  always  made  larger  than  the 
others,  so  as  to  catch  the  eye,  as  may  bo  seen  in  the  diagrams. 
The  figures  on  the  glass-plates  were  often  drawn  on  too  large 
a  scale  to  be  reproduced  on  the  pages  of  this  volume,  and  the 
proportion  in  which  they  have  been  reduced  is  always  given.* 
Whenever  it  could  be  approximately  told  how  much  the  move- 
ment had  been  magnified,  this  is  stated.     We  have  perhaps 


♦  We    are  much   indebttid   to       he  has  reduced  and  engraved  our 
Mr.  Cooper  fur  the  care  with  which       diagram:). 
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introduced  a  superfluous  number  of  diagrams;  but  they  take 
up  less  Ri)ace  than  a  full  description  of  the  movements.  Almost 
all  the  sketches  of  plants  asleep,  &c.,  were  carefully  drawn 
for  us  by  Mr.  George  Darwin. 

As  shoots,  leaves,  &c.,  in  circumnutating  bend  more  and 
more,  first  in  one  direction  and  then  in  another,  they  were 
necessarily  viewed  at  different  times  more  or  less  obliquely ; 
and  as  the  dots  were  made  on  a  flat  surface,  the  apparent 
amount  of  movement  is  exaggerated  according  to  the  degree 
of  obliquity  of  the  point  of  view.  It  would,  therefore,  have 
been  a  much  better  plan  to  have  used  hemispherical  glasses, 
if  we  had  possessed  them  of  all  sizes,  and  if  the  bending  part 
of  the  shoot  had  been  distinctly  hinged  and  could  have  been 
placed  so  as  to  have  formed  one  of  the  radii  of  the  sphere- 
But  even  in  this  case  it  would  have  been  necessary  afterwards 
to  have  projected  the  figures  on  pai)er;  so  that  complete 
accuracy  could  not  have  been  attained.  From  the  distoi*tion 
of  our  figures,  owing  to  the  above  causes,  they  are  of  no  use 
to  any  one  who  wishes  to  know  the  exact  amount  of  movement, 
or  the  exact  course  pursued;  but  they  servo  excellently  for 
ascertaining  whether  or  not  the  part  moved  at  all,  as  well  as 
the  general  diameter  of  the  movement. 


In  the  following  chapters,  the  movements  of  a  con- 
siderable number  of  plants  are  described ;  and  the 
species  have  been  arranged  according  to  the  system 
adopted  by  Hooker  in  Le  Maout  and  Decaisne's  *  De- 
scriptive Botany.'  No  one  who  is  not  investigating 
the  present  subject  need  read  all  the  details,  which, 
however,  we  have  thought  it  advisable  to  give.  To 
save  the  reader  trouble,  the  conclusions  and  most  of 
the  more  important  parts  have  been  printed  in  larger 
type  than  the  other  parts.  He  may,  if  he  thinks  fit, 
read  the  last  chapter  first,  as  it  includes  a  summary 
of  the  whole  volume ;  and  he  will  thus  see  what 
points  interest  him,  and  on  which  ho  requires  the 
full  evidence. 

Finally,  we  must  have  the  pleasure  of  returning  oui 
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gincere  thanks  to  Sir  Jc»seph  Hooker  and  to  Sir,  W. 
Thiselton  Dver  for  iheir  mreat  kiiuhioss,  in  not  onlv 
sending  us  plants  trom  Kew,  but  in  pi\>curing  others 
from  several  sources  when  they  were  required  for  our 
observations ;  also,  for  naming  many  species,  and  giving 
lis  information  on  various  points. 
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CHAPTER  I. 

1^   ClBilCHNUTATING   MOYEUENTB  OF  SeEDLING   PLANTB. 

Drud^ica  olerarea,  circuronntation  of  the  radicle,  of  tho  arclted  hypo- 
cotyl  whilst  still  buried  beneath  the  ground,  whiUt  rising  above  the 
ground  and  straightening  itself,  and  when  erect — Circumnutatiou 
of  the  cotyledons — Rate  of  movement — Analogous  observations  on 
various  organs  in  species  of  Githago,  Gossypium,  Oxalis,  Tro- 
lta>olum,  Citrus,  JEsculus,  of  several  Leguminous  and  Cucurbita- 
ceous  genera,  Opuntiu,  Heliantlius,  Primula,  (/yclami-n.  Btapel'a, 
Cerinthe,  Nolana^  Solanum,  Beta,  Ricinus,  Quercus,  Corylus,  Pinus, 
Cycas,  Canna,  Allium,  Asparagus,  Phularis,  Zea.  A  vena  Nephrc^ 
dium,  and  Selagiuella. 

The  following  chapter  is  devoted  to  the  circum- 
nutating  movements  of  the  radicles,  hypocotyls,  and 
cotyledons  of  seedling  plants;  and,  when  the  coty- 
ledons do  not  rise  above  the  ground,  to  the  movements 
of  the  epicotyl.  But  in  a  future  chapter  we  shall  have 
to  recur  to  the  movements  of  certain  cotyledons  which 
sleep  at  night. 

Brassica  oltraaa  (Cruct/erce), — Fuller  details  will  be  given 
with  respect  to  the  movements  in  this  case  than  in  any  other, 
as  space  and  time  will  thus  ultimately  be  saved. 

liadidt. — A  seed  with  the  radicle  projecting  -05  inch  was 
fastened  with  shellac  to  a  little  plate  of  zinc,  so  that  the 
radicle  stood  up  vertically ;  and  a  fine  glass  filament  was  then 
fixed  near  its  base,  that  is,  close  to  the  seed-coats.  Tho  seed 
was  surrounded  by  little  bits  of  wet  sponge,  and  the  move- 
ment of  the  bead  at  the  end  of  the  filament  was  traced  (Fig.  1) 
during  sixty  hours.  In  this  time  the  radicle  increased  in 
length  from  "OS  to  '11  inch.  Had  the  filament  been  attached  at 
first  close  to  the  apex  of  the  radicle,  and  if  it  could  have  re- 
mained there  all  tlie  time,  the  movement  exhibited  would  have 
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been  much  greater,  for  at  the  close  of  our  observations  the  tip, 
instead  of  standing  vertically  upwards,  had  become  bowed 
downwards  through  gcotropism,  so  as  alniast  to  touch  the  zinc 
plate.  As  far  as  we  could 
roughly  ascertain  by  measure- 
ments made  with  compasses 
on  other  seeds,  the  tip  alone, 
for  a  length  of  only  yg^  to 
yj^  of  an  inch,  is  acted  on 
by  geotropism.  But  the  trac- 
ing shows  that  the  basal  part 
of  the  radicle  continued  to 
circunmutate  irregularly  dur- 
ing the  whole  time.  The 
actual  extreme  amount  of 
movement  of  the  bead  at  the 
end  of  the  filament  was  nearly 
•05  inch,  but  to  what  extent 
the  movement  of  the  radicle 
was  magnified  by  the  fila- 
ment, which  was  nearly  f  inch 
in  length,  it  was  impossible 
to  estimate. 

Another  seed  was  treated  and  observed  in  the  same  manner, 
but  the  radicle  in  this  case  protruded  '1  inch,  and  was  not 

Fig.  2. 


Bfossca  oUriacet :  circumnutation  of 
radicle^  traced  on  horizontal  glas% 
from  9  A.M.  Jan.  31st  to  9  p.m. 
Feb.  2nd.  Movement  of  bead  at 
end  of  filament  magniBed  about 
40  times. 


\ 

Brauioa  olerazea:  oircumnutating  nnd  geotropio  movement  of  radicle, 
traced  on  horizontal  glasii  during  46  hours. 

fastened  so  as  to  project  quite  vertically  upwards.  The  filament 
was  affixed  close  to  its  base.  The  tracing  (Fig.  2,  reduced  by 
half)  shows  the  movement  from  9  a.m.  Jan.  81st  to  7  a.m. 
Feb.  2nd;  but  it  continued  to  move  during  the  whole  of  the 


J  2  CIBCUMNUTATION  OF  SEEDLINGS.        Chap.  1 

2nd  in  the  same  general  direction,  and  in  a  similar  zigzag 
manner.  From  the  radicle  not  being  quite  perpendicular  when 
the  filament  was  afiSxed  geotropism  came  into  play  at  onco; 
but  the  irregular  zigzag  course  shows  that  there  was  growth 
(probably  preceded  by  turgescence),  sometimes  on  one  and 
sometimes  on  another  side.  Occasionally  the  bead  remained 
stationary  for  about  an  hour,  and  then  probably  growth  occurred 
on  the  side  opposite  to  that  which  caused  the  geotropic  curva- 
ture. In  the  case  previously  described  the  basal  part  of  the 
very  short  radicle  from  being  turned  vertically  upwards,  was  at 
first  very  little  affected  by  geotropism.  Filaments  were  affixed 
in  two  other  instances  to  rather  longer  radicles  protruding 
obliquely  from  seeds  which  had  been  turned  upside  down ;  and 
in  these  cases  tlie  lines  traced  on  the  horizontal  glasses  were 
only  slightly  zigzag,  and  the  movement  was  always  in  the  same 
general  direction,  through  the  action  of  geotropism.  All  these 
observations  are  liable  to  several  causes  of  error,  but  we  believe, 
from  what  will  hereafter  be  shown  with  respect  to  the  move- 
ments of  the  radicles  of  other  plants,  that  they  may  be  largely 
trusted. 

J/ypocotyl, — The  hypocotyl  protrudes  through  the  seed-coats 
as  a  rectangular  projection,  which  grows  rapidly  into  an  arch 
like  the  letter  U  turned  upside  down  [\ ;  the  cotyledons  being 
still  enclosed  within  the  seed.  In  whatever  position  the  seed 
may  be  embedded  in  the  earth  or  otherwise  fixed,  both  legs  of 
the  arch  bend  upwards  through  apogeotropism,  and  thus  rise 
vertically  above  the  ground.  As  soon  as  this  has  taken  place, 
or  even  earlier,  the  inner  or  concave  surface  of  the  arch  grows 
more  quickly  than  the  upper  or  convex  surface;  and  this  tends 
to  separate  the  two  legs  and  aids  in  drawing  the  cotyledons  out 
of  the  buried  seed-coats.  By  the  growth  of  the  whole  arch  the 
cotyledons  are  ultimately  dragged  from  beneath  the  ground,  even 
from  a  considerable  depth;  and  now  the  hypocotyl  quickly 
straightens  itself  by  the  increased  growth  of  the  concave  side. 

Even  whilst  the  arched  or  doubled  hypocotyl  is  still  beneath 
the  ground,  it  circumnutates  as  much  as  the  pressure  of  the  sur- 
rounding soil  will  permit;  but  this  was  difficult  to  observe, 
because  as  soon  as  the  arch  is  freed  from  lateral  pressure  the  two 
legs  begin  to  separate,  even  at  a  very  early  age,  before  the  arch 
would  naturally  have  reached  the  surface.  Seeds  were  allowed 
to  germinate  on  the  surface  of  damp  earth,  and  after  they  had 
fixed  themselves  by  their  radicles,  and  after  the,  as  yet,  only 
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slightly  arched  hypocotyl  had  become  nearly  vertical,  a  glass 
filament  was  aflSxed  on  two  occasions  near  to  the  base  of  tlie 
basal  leg  (i.e.  the  one  in  connection  with  the  radicle),  and  its 
movements  were  traced  in  darkness  on  a  horizontal  glass.  The 
result  was  that  long  lines  were  formed  running  in  nearly  the 
plane  of  the  vertical  arch,  due  to  the  early  separation  of  the 
two  legB  now  freed  from  pressure ;  but  as  the  lines  were  zigzag, 
showing  lateral  movement,  the  arch  must  have  been  circum- 
nutating,  whilst  it  was  straightening  itself  by  growth  along  its 
inner  or  concave  surface. 
A  somewhat  different  method  of  observation  was  next  followed : 

Fig.  3. 


> 


\ 


Braaica  oliTocea :  circumnutAting  movement  of  buried  and  arched  hypo- 
cotyl (dimly  illuminated  from  above),  traced  on  horizontal  glass  during 
45  hours.  Movement  of  bead  of  filapa:?nt  ningnified  about  25  times, 
and  here  reduced  to  one-half  of  original  ticalo. 

as  soon  as  the  earth  with  seeds  in  a  i)ot  Ixjgan  to  crack,  the 
surface  was  removed  in  parts  to  the  depth  of  '2  inch ;  and  a 
filament  was  fixed  to  the  basal  leg  of  a  buried  and  arched  hypo- 
cotyl, just  above  the  summit  of  the  radicle.  The  cotyledons 
were  still  almost  completely  enclosed  within  the  much-cracked 
seod-coats;  and  these  were  again  covered  up  with  damp  adhesive 
soil  pressed  pretty  firmly  down.  The  movement  of  the  filament 
was  traced '(Fig.  3)  from  11  a.m.  Feb.  5th  till  8  a.m.  Feb.  7th. 
By  this  latter  period  the  cotyledons  had  been  dragged  from 
beneath  the  pressed-down  earth,  but  the  upper  part  of  the 
hypocotyl  still  formed  nearly  a  right  angle  with  the  lower  part 
The  tracing  si  ows  that  the  arched  hypocotyl  tends  at  this  early 
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age  to  circumnutate  irregularly.  On  the  first  day  the  greatei 
movement  (from  right  to  left  in  the  figure)  was  not  in  the  plane 
of  the  vertical  and  arched  hypocotyl,  but  at  right  angles  to  it,  or  in 
the  plane  of  the  two  cotyledons,  which  were  still  in  close  contact 
The  basal  leg  of  the  arch  at  the  time  when  the  filament  was 
affixed  to  it,  was  already  bowed  considerably  backwards,  or 
from  the  cotyledons ;  had  the  filament  been  affixed  before  this 
lx)wing  occurred,  the  chief  movement  would  have  been  at  right 
angles  to  that  shown  in  the  figure.  A  filament  was  attached  to 
another  buried  hypocotyl  of  the  same  age,  and  it  moved  in  a 
similar  general  manner,  but  the  line  traced  was  not  so  complex. 
This  hyjKXiotyl  became  almost  straight,  and  the  cotyledons  were 
dragged  from  beneath  the  ground  on  the  evening  of  the  second  day. 

Fig.  4. 


4 


/ 


0 
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Brottsica  oleracea :  circumnututing  movement  of  buried  and  arched  hypo- 
cotyl, with  the  two  lugs  of  the  nrch  tied  together,  traced  on  horizonlAl 
glass  during  33^  hours.  Movement  of  the  bead  of  filament  magnified 
about  26  times,  and  here  redu:ed  to  one-half  original  i>c<ile. 

Before  the  al)Ove  observations  were  made,  some  arched  liypo- 
cotyls  buried  at  the  depth  of  a  quarter  of  an  inch  were  un- 
covered; and  in  order  to  prevent  the  two  legs  of  the  arch 
from  beginning  to  separate  at  once,  they  were  tied  together  with 
fine  silk.  This  was  done  partly  because  we  wished  to  ascertain 
how  long  the  hypocotyl,  in  its  arched  condition,  would  continue 
to  move,  and  whether  the  movement  when  not  masked  and 
disturbed  by  the  straightening  process,  indicated  circumnu- 
tation.  Firstly,  a  filament  was  fixed  to  the  basal  leg  of  an 
arched  hypocotyl  close  above  the  summit  of  the  radicle.  The 
cotyledons  were  still  partially  enclosed  within  the  seed-coats. 
The  movement  was  traced  (Fig.  4)  from  9.20  a.m.  on  I)ea 


GtaAT.  L 


fiRASSICA. 


15 


23rd  to  6w45  ajl  on  Dec  25th.  No  doubt  the  natural  move- 
ment  was  much  disturbed  by  the  two  legs  having  been  tied 
together;  but  we  see  that  it  was  distinctly  zigzag,  first  in  one 
direction  and  then  in  an  almost  opposite  ona  Alter  3  p.m.  on 
the  21th  the  arched  hypocotyl  sometimes  remained  stationary 
for  a  considerable  time,  and  when  moving,  moveii  far  slower  than 
before.  Therefore,  on  the  morning  of  the  25th,  the  gloss  fila- 
ment WIS  removed  from  the  base  of  the  basal  leg,  and  was  fixed 
horizontally  <m  the  summit  of  the  arch,  which,  from  the  legs 
having  been  tied,  had  grown  broad  and  almost  flat  The 
movemont  was  now  traced  during  23  hours  (Fig.  5),  and  wa 


Fig.  5. 


Brattiea  oieraoea :  circnmLatating  raorement  of  the  crown  of  a  buried  tad 
arched  hypocotyl,  with  the  two  les^  tied  together,  trmced  on  a  hori* 
xontal  glaM  daring  23  hourt.  Morement  of  the  bead  of  the  filament 
magnified  about  58  times,  and  here  reduced  to  one-hulf  original 
icale. 

aee  that  the  course  was  still  zigzapr,  which  indicates  a  tendency 
to  circumnutationi  The  base  of  the  basal  leg  by  tliis  time  hod 
almost  completely  ceased  to  move. 

As  soon  as  the  cotyledons  have  been  naturally  dragged  from 
beneath  the  ground,  and  the  hyxx)cotyl  has  straightened  itself 
by  growth  along  the  inner  or  concave  surface,  there  is  nothing  to 
interfere  with  the  free  movements  of  the  parts ;  and  the  ciroum- 
nutation  now  becomes  much  more  regular  and  clearly  displayed, 
as  shown  in  the  following  cases:— A  seedling  was  placed  in 
ficont  and  near  a  north-east  window  with  a  line  joining  the 
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Cup.  £^H 

I  left  Uh^H 
On  tha^H 


two  cotyledons  pamllel  to  the  window.  It  was  thus  left 
whole  da}  so  aa  to  accommodate  itself  to  the  liglit  On 
following  morning  a  filament  was  fiied  to  the  midrib  of  the 
larger  and  taller  cot}ledon(Thich  enfolds  the  other  and  smaller 
one,  whilst  stilt  within  the  seed),  and  a  mark  heiug  placed 
close  behind,  the  movement  of  the  whole  plant,  that  is,  of  Ilia 
liypocotyl  and  cotyledon,  was  traced  greatly  magnified  on  a  ver- 
tical glass.  At  firtt  the  plant  bent  so  much  towards  the  light 
that  it  WBd  nsolesa  to  attempt  to  trace  the  movcinont ;  bnt  at 
10  A.u.  Loliotropifim  almost  vfholly  ceofed  and  the  first  dot  vom 


made  on  the  gla^.  The  last  was  mode  at  8.45  p.a.;  serenteea] 
dota  being  altogether  made  in  this  inlerral  of  10  h.  45  m,  (se 
Fig.  6).  It  should  be  noticed  that  when  I  looked  shortly  after'l 
■i  p.K  the  bead  was  poinliog  off  the  glass,  hut  it  rome 
at  5.30p.m.,  and  tho  course  during  this  in lerral  of  Ih.  30m.  bwl 
been  filled  up  by  imagination,  but  cannot  be  fur  from  oomob  J 
The  bend  moved  seTcn  times  from  side  to  side,  and  thus  d»- 1 
scribed  Si  ellipses  in  101  h.;  each  being  completed  on  aa  f 
average  in  3h.  4  m. 

On  the  previous  day  another  seedling  had  been  ohserred  | 
under  Bimilar  conditions,  excepting  that  the  plant  ' 
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placed  that  a  line  joining  the  two  cotyledons  pointed  towaida 
the  window ;  and  the  filament  was  attached  to  the  smaller  coty- 
ledon on  the  side  furthest  from  the  window.  Moreover,  the 
plant  was  now  for  the  first  time  placed  in  this  position.  The 
cotyledons  bowed  themselves  greatly  towards  the  light  from  8  to 
lOiO  AJL,  when  the  first  dot  was  made  (Fig.  7).    During  the 


F!g.7. 


BrissUta  cterace*!  :  conjoint  circumnutation  of  the  hypocotyl  and  cotyledons, 
from  10.50  A.X.  to  8  A..U,  on  the  following  morning.  Tracing  made 
on  a  vertical  gUu, 

next  12  hours  the  bead  swept  obliquely  up  and  down  8  times 
and  described  4  figures  representing  ellipses;  so  that  it  travelled 
at  nearly  the  same  rate  as  in  the  previous  case.  During  the 
night  it  moved  upwards,  owing  to  the  sleep-movement  of  the 
cotyledons,  and  continued  to  move  in  the  same  direction  till 
9  A.K.  on  the  following  morning ;  but  this  latter  movement 
would  not  have  occurred  with  seedlings  under  their  natural 
oonditionB  fully  exposed  to  the  light. 
By  9.25  Ajf.  on  this  second  day  the  same  cotyledon  had 
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lx)giin  to  fall,  and  a  dot  was  made  on  a  fresh  glass.  The  moye- 
ment  was  traced  until  5.30  p.m.  as  shown  in  (Fig.  8),  which  is 
giyen,  because  the  course  followed  was  much  more  irregular 

than  on  the  two  previous 
^^i'  ^'  occasions.    During  these 

' '  8  hours  the  bead  changed 
its  course  greatly  10  times. 
The  upward  movement  of 
the  cotyledon  during  the 
afternoon  and  early  part 
of  the  night  is  here  plainly 
shown. 

As  the  filaments  were 
fixed  in  the  three  last 
cases  to  one  of  the  coty- 
ledons, and  as  the  hypo- 
cotyl  was  left  free,  the 
tracings  show  the  move- 
fi«     •      /  •  •  *  •  *  «•       ment  of  both  orcrans  con- 

of  the  hypocotyl  nnd  cotyledons  during  joined;       and      we     now 

8  h'urs.     Figure  here  reduced  to  one-  wished  to  ascertain  whe- 

third  of  the  original  scale,  as  traced  on  a  ^.j^^j.  ^^^l  circumnutated. 

vertical  glass.  ^.,            ,                 ,,        . 

Filaments  were  therefore 
fixed  horizontally  to  two  hypocotyls  close  beneath  the  petioles 
of  their  cotyledons.  These  seedlings  had  stood  for  two  days 
in  the  same  position  before  a  north-east  window.  In  the  morn- 
ing, up  to  about  11  A.M.,  they  moved  in  zigzag  lines  towards 
the  light;  and  at  night  they  agnin  became  almost  upright 
through  apogeotropism.  After  about  11  a.m.  they  moved  a 
little  back  from  the  liglit,  often  crossing  and  recrossing  their 
former  path  in  zigzag  lines.  The  sky  on  this  day  varied  much 
in  brightness,  and  these  observations  merely  proved  that  the 
hypocotyls  were  continually  moving  in  a  manner  resembling 
circumnutation.  On  a  previous  day  which  was  uniformly 
cloudy,  a  hypocotyl  was  firmly  secured  to  a  little  stick,  and 
a  filament  was  fixed  to  the  larger  of  the  two  cotyledons,  and  its 
movement  was  traced  on  a  vertical  glass.  It  fell  greatly  from 
8.52  A.M.,  when  the  first  dot  was  made,  till  10.55  a.m.  ;  it  then  rose 
greatly  until  12.17  p.m.  Afterwards  it  fell  a  little  and  made  a 
loop,  but  by  2.22  p.m.  it  had  risen  a  little  and  continued  rising 
till  0.23  P.M.,  when  it  made  another  loop,  and  at  10.30  p.m.  was 
again  rising.    Thesis  observations  show  that  the  cotyledons  move 
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▼ertically  np  and  down  all  day  long,  and  as  there  was  some 
Blight  lateral  movement,  they  circumnutated. 

The  cabbage  was  one  of  the  fii-st  plants,  the  seedlings  of  which 
were  observed  by  us,  and  we 


did  not  then  know  how  far 
the   circiminutation  of   the 
different  parts  was  affected 
by  lighi     Young  seedlings 
were  therefore  kept  in  com- 
plete darkness  except  for  a 
minute  or  two  during  each 
observation,  when  they  were 
illumi Dated  by  a  small  wax 
taper  held  almost  vertically 
above  them.  During  the  first 
day  the   hyi)ocotyl  of    one 
changed  its  course  13  times 
(see  Fig.  9);  and  it  deserves 
notice  that  the  longer  axes 
of  the  figures  described  often 
cross  one  another  at  right  or 
nearly  right  angles.  Another 
seedling  was  observed  in  the 
same   manner^  but   it    was 
much  older,  for  it  had  formed 
a  true  leaf  a  quarter  of  an 
inch  in  length,  and  the  hy- 
poootyl  was  If  inch  in  height. 
The  figure  traced  was  a  very 
complex    one,   though    the 
movement  was  not  so  great 
in  extent  as  in  the  last  case. 
The  hypocotyl  of  another 
seedling  of  the  same  age  was 
secured  to  a  little  stick,  and 
a  filament  having  been  fixed 
to  the  midrib  of  one  of  the 


Fig.  9. 


Brassica  oJeracfa :  circum nutation  of 
hypocotyl,  in  darkness,  traced  on  a 
horizontal  glass,  by  means  of  a  filH* 
ment  with  a  bead  fixed  across  its 
summit,  between  9.15  a.m.  and 
8.30  A.M.  on  the  following*  morn- 
ing. Figure  hero  reduced  to  one- 
half  of  original  scale. 


cotyledons,  the  movement  of 
the  bead  was  traced  during  14  h.  15  m.  (see  Fig.  10)  in  darkness. 
It  should  be  noted  that  the  chief  movement  of  the  cotyledons, 
namely,  up  and  down,  would  be  shown  on  a  horizontal  glass- 
plate  only  by  the  lines  in  the  direction  of  the  midrib  (that  is. 
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Fig.  10. 


ap  and  down,  as  Fig.  10  here  stands)  being  a  little  lengthened 
or  shortened ;  whereas  any  -lateral  movement  would  be  well 

exhibited.  The  present  tracing  shows 
that  the  cotyledon  did  thus  move  laterally 
(that  is,  from  side  to  side  in  the  tracing) 
12  times  in  the  14  h.  15  m.  of  observa- 
tion. Therefore  the  cotyledons  certainly 
circumnutated,  though  the  chief  move- 
ment was  up  and  down  in  a  vertical 
plane. 

jRcUe  of  movement, — The  moYements  of 
the  hypocotyls  and  cotyledons  of  seedling 
cabbages  of  different  ages  have  now  been 
sufficiently  illustrated.  With  respect  to 
the  rate,  seedlings  were  placed  under  the 
Brassha  oleracca :  cir-    u^croscope  with  the  Stage  removed,  and 

cotyledon,  the  hypo-    With  a  micrometer  eye-piece  so  adjusted 

cotyl    having    been    that  each  division  equalled  j^  inch ;  the 

secured  to  «  sticlc,    plants  were  illuminated  by  light  passing 
trajed  on  a  horizon-     .,  ,  ...         #.,  •  ,  .      JT      . 

tal  glass,  in   dark-    through  a  Solution  of  bichromate  ofpotas- 

ness,  from  8.15  a.m.    sium  80  as  to   eliminate    holiotropism. 

to  10.30  P.M.    Move-    Under  these  circumstances  it  was  interest- 

r  mL'int  tjnl-    i"g  t«  "bs^'--^  how  rapWly  the  circnm- 
fied  13  times.  nutating  apex  of  a  cotyledon  passed  across 

the  divisions  of  the  micrometer.  Whilst 
trayelling  in  any  direction  the  apex  generally  oscillated  back- 
wards and  forwards  to  the  extent  of  ^^^  and  sometimes  of  nearly 
f^  of  an  inch.  These  oscillations  were  quite  different  from  the 
trembling  caused  by  any  disturbance  in  the  same  room  or  by 
the  shutting  of  a  distant  door.  The  first  seedling  observed  was 
nearly  two  inches  in  height  and  had  been  etiolated  by  having 
been  grown  in  darkness.  The  tip  of  the  cotyledon  passed  across 
10  divisions  of  the  micrometer,  that  is,  -^  of  an  inch,  in  6  m. 
40  8.  Short  glass  filaments  were  then  fixed  vertically  to  the 
hypocotyls  of  several  seedlings  so  as  to  project  a  little  above  the 
cotyledons,  thus  exaggerating  the  rate  of  movement ;  but  only  a 
few  of  the  observations  thus  made  are  worth  giving.  The  most 
remarkable  fact  was  the  oscillatory  movement  above  described, 
and  the  difference  of  rate  at  which  the  point  crossed  the  divi- 
sions of  the  micrometer,  after  short  intervals  of  time.  For 
instance,  a  tall  not-etiolated  seedling  had  been  kept  for  14  K 
in  darkness ;  it  was  exposed  before  a  north-east  window  for  onlj 
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two  or  lliz«e  mimites  whilst  m  glsss  filuaent  w«$  fixed  t>»i2<wlly 
to  the  hypoootrl ;  it  vms  th«B  uadn  pboed  in  darkxi<«s^  f>r  half 
an  hour  and  sfterrads  observed  br  light  pfts^cg  through 
faiehroottte  of  i>3ias$iam.  Tm  point,  oscilUting  as  usual, 
crossed  fire  diTiaoos  of  the  mieioaieler  li.  e^  yj^^  ineh^  in 
Im.  dO&  'Rie  seedlii^  was  then  left  in  darkness  ^^r  an  hour» 
and  now  it  lequiied  Sm.  6s.  to  cross  one  dirisioo,  that  is» 
15  m.  30&  to  haTo  ciossed  fixe  diiisionsL  Another  s«edlinfr» 
after  being  occasionally  observed  in  the  back  part  of  a  m^hom 
room  with  a  Tery  dull  light,  and  left  in  complete  darkness  for 
interrala  of  half  an  hour,  crossed  fire  diTisions  in  5  m.  in  the 
direction  of  the  window,  so  that  we  concluded  that  the  more- 
ment  was  heliotropic.  But  this  was  probably  not  the  case,  for 
it  was  placed  close  to  a  north-east  window  and  left  there  for 
25  m.,  after  which  time,  instead  of  moring  still  more  quickly 
towards  the  light,  as  might  haTO  been  expected,  it  txarelled 
only  at  the  rate  of  13 m.  80s.  for  five  divisions.  It  was  then 
again  left  in  complete  darkness  for  Ih.,  and  the  point  now 
trsTelled  in  the  same  direction  as  before,  but  at  the  rate  of 
3  m.  18  s.  for  fi?e  divisions. 

We  shall  hare  to  recur  to  the  cotyledons  of  the  cabliago  in  a 
future  chapter,  when  we  treat  of  their  sleep-movements.  The 
drcumnutation,  also,  of  the  leaves  of  fully-developed  plants 
will  hereafter  be  described. 

Fig.  11. 


fiiihago  §etfetum:  circumnutatlon  of  hjpocotyl,  traced  on  a  horiiontnl 
glass,  by  means  of  a  filament  fixed  tranbTernely  acrosH  itii  summit,  from 
8.15  A,.U,  to  12.15  P.M.  on  the  following  day.  Movement  of  benii  of 
filament  magnified  about  13  times,  here  reduced  to  one-half  the  orl;;innl 
scale. 

Oithago  tegetum  (Caryophylleffl). — A  young  soodling  was  dimly 
Uluminated  from  above,  and  the  circunmutation  of  tho  hypo- 
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ootyl  was  obseryed  during  28  h.,  as  shown  in  Pig.  11.  It  moved 
in  all  directions ;  the  lines  from  right  and  to  left  in  the  figure 
being  parallel  to  the  blades  of  the  cotyledons.  The  actual 
distance  travelled  from  side  to  side  by  the  summit  of  the 
hypocotyl  was  about  2  of  an  inch;  but  it  was  impossible  to 
be  accurate  on  this  head,  as  the  more  obliquely  the  plant  was 
viewed,  after  it  had  moved  for  some  time,  the  more  the  distances 
were  exaggerated. 

We  endeavoured  to  observe  the  circumnutation  of  the  coty- 
ledons, but  as  they  close  together  unless  kept  exposed  to  a  mode- 
rately bright  light,  and  as  the  hypocotyl  is  extremely  heliotropic, 

the  necessary  arrangements  were  too 
troublesome.  We  shall  recur  to  the  noc- 
turnal or  sleep-movements  of  the  cotyle- 
dons in  a  future  chapter. 

Go$sypium  (var.  Nankin  cotton)  (Mal- 
vaces). — The  circumnutation  of  a  hypo- 
cotyl was  observed  in  the  hot-house,  but 
the  movement  was  so  much  exaggerated 
that  the  bead  twice  passed  for  a  time  out  of 
view.  It  was,  however,  manifest  that  two 
somewhat  irregular  ellipses  were  nearly 
completed  in  9  h.  Another  seedling, 
li  in.  in  height,  was  then  observed  during 
23  h.;  but  the  observations  were  not 
n[iade  at  sufficiently  short  intervals,  as 
shown  by  the  few  dots  in  Fig.  12,  and  the 
tracing  was  not  now  sufficiently  enlarged. 
Nevertheless  there  could  be  no  doubt 
about  the  circumnutation  of  the  hyix)cotyl,  which  described 
in  12  h.  a  figure  representing  three  irregular  ellipses  of  unequal 
sizes. 

The  cotyledons  are  in  constant  movement  up  and  down  during 
the  whole  day,  and  as  they  ofier  the  unusual  case  of  moving 
downwards  late  in  the  evening  and  in  the  early  part  of  the 
night,  many  observations  were  made  on  them.  A  filament  was 
fixed  along  the  middle  of  one,  and  its  movement  traced  on  a 
vertical  glass;  but  the  tracing  is  not  given,  as  the  hypocotyl 
was  not  secured,  so  that  it  was  impossible  to  distinguish  clearly 
between  its  movement  and  that  of  the  cotyledon.  The  coty- 
ledons rose  from  10.30  a.m.  to  about  3  p.m.  ;  they  then  sank  till 
10  P.M.,  rising,  however,  greatly  in  the  latter  part  of  the  night 


Oo^supium:  circnmnu* 
tation  of  hypocot^'l, 
traced  on  a  horizon- 
tal glnss.  from  10.30 
A.M.  to  9.30  A.M.  on 
following  morning, 
by  means  of  a  fila- 
ment fixed  across 
its  summit.  Move- 
ment of  bead  of  fila- 
ment magnified  about 
twice;  seedling  illu- 
minated from  above. 


Ghat.  L  GOSSTPIUII.  23 

The  angles  aboTe  the  horizon  mt  which  the  cotyledons  of  another 
seedling  stood  at  different  hours  is  recorded  in  the  following 
abort  table : — 

Oct.  20     2.50  p.M 25"  above  hcri«on. 

r,       4.20  „         22^ 

»       5.20  „         15° 

n      10.40   „         8^ 

Oct  21     a40AJl 28*>  „ 

n     11.15   „         35« 

„       9.11  PJL      10^  Wow  horizon. 

The  position  of  the  two  cotyledons  was  roughly  sketched  at 
varions  hours  with  the  same  general  result. 

In  the  following  summer,  the  bypocotyl  of  a  fourth  seedling 
was  secured  to  a  little  stick,  and  a  glass  filament  with  triangles 
of  paper  haying  been  fixed  to  one  of  the  cotyledons,  its  move- 
ments were  traced  on  a  vertical  glass  under  a  double  skylight  in 
the  house.  The  first  dot  was  made  at  4.20  p.m.  June  20th ;  and 
the  cotyledon  fell  till  10.15  p.m.  in  a  nearly  straight  line.  Just 
past  midnight  it  was  found  a  little  lower  and  somewhat  to  one 
side.  By  the  early  morning,  at  3.45  a.m.,  it  had  risen  greatly, 
but  by  G.20  a.m.  had  fallen  a  little.  During  the  whole  of  this 
day  (21st)  it  fell  in  a  slightly  zigzag  line,  but  its  normal  course 
was  disturbed  by  the  want  of  sufficient  illumination,  for  during 
the  night  it  rose  only  a  little,  and  travelled  irregularly  during 
the  whole  of  the  following  day  and  night  of  Juno  22nd.  The 
ascending  and  descending  lines  traced  during  the  three  days 
did  not  coincide,  so  that  the  movement  was  one  of  circumnuta- 
tion.  This  seedling  was  then  taken  back  to  the  hot-house,  and 
after  five  days  was  inspected  at  10  p.m.,  when  the  cotyledons 
were  found  hanging  so  nearly  vertically  down,  that  thoy  might 
justly  be  said  to  have  been  asleep.  On  the  following  morning 
they  had  resumed  their  usual  horizontal  position. 

OxalU  rosea  (OzalidcsB). — The  hypo<*otyl  was  secured  to  a  little 
stick,  and  an  extremely  thin  gloss  filament,  with  two  triangles  of 
paper,  was  attached  to  one  of  the  cotyledons,  which  was  '15  inch 
in  length.  In  this  and  the  following  species  the  end  of  the 
petiole,  where  united  to  the  blade,  is  developed  into  a  pulvinus. 
The  apex  of  the  cotyledon  stood  only  5  inches  from  the  vertical 
glass,  so  that  its  movement  was  not  greatly  exaggerated  as  long 
as  it  remained  nearly  horizontal ;  but  in  the  course  of  the  day  it 
both  rose  considerably  above  and  fell  beneath  a  horizontal  X)osi- 
laon.  And  then  of  course  the  movement  was  much  exaggerated. 


24  CIBCUUNUTATION  OP  SEEDLINGS.        Cbap.  L 

In  Pig.  13  ils  coutm  is  ehown  from  6.45  a.m.  on  Jnne  17th,  to 
7.40  A.M.  on  the  followiiig  mom- 

^^"  iijg ;  and  we  see  that  dnring  tho 

daytime,  in  the  ,conree  of  il  h, 
15  m.,  it  travelled  thrice  donn 
and  twice  np.  After  6.45  p.u.  it 
moTed  rapidly  downwards,  and 
in  an  hour  or  two  depended  verti- 
cally ;  it  thus  remained  all  night 
asleep.  This  poaition  could  not 
lie  represented  on  the  vertical 
glasB  nor  in  the  6gnre  here  given. 
By  6.40  A.M.  on  the  following 
morning  (lljth)  hoth  cotyledons 
had  risen  greatly,  and  thoy  coU' 
tinned  to  rise  until  6  a.m.,  when 
they  stood  almoat  horizontally. 
Their  movement  was  traced  dur- 
ing the  whole  of  this  day  and 
nntil  the  next  morning ;  but  a 
tracing  is  not  given,  as  it  waa 
closely  aimilar  to  Fig.  13,  except- 
ing that  the  lines  were  more 
zigzag.  The  cotyledons  moved 
7  timea,  either  npw&rda  or  down- 
wards; and  at  about  4  f.h.  the 
great  nocturnal  sinking  move- 
ment commenced. 

Another  seedling  waa  observed 
in  a  aimilar  manner  during  nearly 
24  h.,  bnt  with  the  difference  that 
the  hypocotyl  was  left  free.  The 
movement  also  was  less  magnified. 
Between  8.12  a.u.  and  5  p.m.  on 
the  mth,  the  apex  of  tlie  cotyle- 
don moved  7  times  upwards  or 
downwards  (Fig.  14).    The  noo- 

the  hypocDtjrl  b«iDg    tumal  sinking  movement,  which 
is  merely  a  great  increase  of  one 
_  „    _       °^  ""^  diurnal  oscillations,  com- 

menced about  4  p.ii. 
OmUi  FoUivMna.— rhia  speoieB  is  interesting,  as  the  coty- 
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ledons  rise  perpendicularly  upwards  at  night  so  as  to  come  into 
slose  contact,  instead  of  sinking  vertically  downwards,  as  in  the 
ease  of  0.  ro^ea.  A  glass  filament  was  fixed  to  a  cotyledon, 
*17  of  an  inch  in  length,  and  the  hyx)ocotyl  was  left  free.    On 


7^Z,  15. 
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Oxalia  roMO :  conjoint  circnmnntation  of 
the  cotyledons  and  hypocotrl,  traced 
from  8.12  a.m.  on  June  18th  to  7.30 
A.M.  19th.  The  apex  of  the  cotyledon 
•tood  only  3f  inches  from  the  rerticiil 
glaes.  Figure  here  given  one-half  of 
original  scale. 


Oxaiis  Vuldimana  :  conjoint 
circnmnutation  of  a  cotyle- 
don and  the  hypocotyl,  traced 
on  rertical  glass,  during  24 
hours.  Figura  hera  given 
one-half  of  original  scale; 
seedling  illuminated  from 
above. 


the  first  day  the  seedling  was  placed  too  far  from  the  vertieal 
gloss ;  so  that  the  tracing  was  enormously  exaggerated  and  the 
movement  could  not  be  traced  when  the  cotyledon  either  rose  or 
Bank  much;  but  it  was  clearly  seen  that  the  cotyledons  rose 
thrice  and  fell  twice  between  8.15  a.m.  and  4.15  p.m.  Early  on 
•Ihe  following  morning  (June  19th)  the  apex  of  a  cx>tyltdon  was 
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placed  only  If  inch  from  the  vertical  glass.  At  6.40  a.m.  it 
stood  horizontally;  it  then  fell  till  8.35,  and  then  rose.  Al- 
together in  the  course  of  12  h.  it  rose  thrice  and  fell  thrice,  as 
may  be  seen  in  Fig.  15.  The  great  nocturnal  rise  of  the  coty- 
ledons usually  commences  about  4  or  5  p.m.,  and  on  the  following 
morning  they  are  expanded  or  stand  horizontally  at  about  6.3C 
A.M.  In  the  present  instance,  however,  the  great  nocturnal  rise 
did  not  commence  till  7  f.m.  ;  but  this  was  due  to  the  hypocotyl 
having  from  some  unknown  cause  temporarily  bent  to  the  left 
side,  as  is  shown  in  the  tracing.  To  ascertain  positively  that 
the  hypocotyl  circumnutated,  a  mark  was  placed  at  8.15  p.m. 
behind  the  two  now  closed  and  vertical  cotyledons;  and  the 
movement  of  a  glass  filament  fixed  upright  to  the  top  of  the 
hypocotyl  was  traced  until  10.40  p.m.  During  this  time  it 
moved  from  side  to  side,  as  well  as  backwards  and  forwards, 
plainly  showing  circum  nutation ;  but  the  movement  was  small 
in  extent  Therefore  Fig.  15  represents  fairly  well  the  move- 
ments of  the  cotyledons  alone,  with  the  exception  of  the  one 
great  afternoon  curvature  to  the  left. 

OxcHis  corniculatfi  (var.  ctfprea).— The  cotyledons  rise  at  night 
to  a  variable  degree  above  the  horizon,  generally  about  45° : 
those  on  some  seedlings  between  2  and  5  days  old  were  found 
to  be  in  continued  movement  all  day  long ;  but  the  movements 
were  more  simple  than  in  the  last  two  species.  Thia  may  have 
partly  resulted  from  their  not  being  sufficiently  illuminated 
whilst  being  observed,  as  was  shown  by  their  not  beginning  to 
rise  until  very  late  in  the  evening. 

OxcUis  (Biophytum)  sensitiva. — The  cotyledons  are  highly  re- 
markable from  the  amplitude  and  rapidity  of  their  movements 
during  the  day.  The  angles  at  which  they  stood  above  or 
beneath  the  horizon  were  measured  at  short  intervals  of  time; 
and  we  regret  that  their  course  was  not  traced  during  the  whole 
day.  "We  will  give  only  a  few  of  the  measurements,  which  were 
made  whilst  the  seedlings  were  exposed  to  a  temperature  of  22^° 
to  24i®  C.  One  cotyledon  rose  70°  in  11  m. ;  another,  on  a  distinct 
seedling,  fell  80°  in  12  m.  Immediately  before  this  latter  fall 
the  same  cotyledon  had  risen  from  a  vertically  downward  to  a 
vertically  upward  position  in  1  h.  48  m.,  and  had  therefore  passed 
through  180°  in  under  2  h.  We  have  met  with  no  other  instance 
of  a  circumnutating  movement  of  such  great  amplitude  as  180° ; 
nor  of  such  rapidity  of  movement  as  the  passage  through  80°  in 
12  m.    The  cotyledons  of  this  plant  sleep  at  night  by  rising 
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Terlically  and  cominE  into  cliwe  contact.  This  upward  move- 
ment differs  from  one  of  the  great  diuroal  oscilintionB  above 
doHcribed  only  by  the  position  being  permanent  during  the  night 
and  by  ita  periodicity,  as  it  always  commeocea  lato  in  tbff 
evening. 

Trvproltim  minus  (7)  (var.  Tom  Thumb)  (Tropieolew).— The 
TOtyledons  are  hypogcan,  or  never  rise  above  the  ground.  By 
ivinoviug  the  soil  a  buried  cpicolyl 
or  plumule  was  found,  with  its 
Rummit  arched  abruptly  down- 
wards, like  the  arched  bypocotyl 
(>f  thecabUge  previoualy  deacril>ed. 
A  glass  filament  with  a  bead  nt 
its  end  was  affixed  to  the  banal  half 
or  leg,  just  above  the  hypogean 
cotylrdons,  which  were  again  almost 
Borrounded  by  Ioo?e  earth.  The 
tracing  (Pig.  16)  shows  the  course 
of  the  bead  during  11  h.  Aftor  the 
last  dot  given  in  the  figure,  the 
bead  moved  to  a  great  distance, 
and  finally  olf  the  glass,  in  the 
direction  indicnlcd  by  the  broken 
line.  Thia  great  movement,  dno  to 
increased  growth  along  the  con- 
cave surface  of  the  arch,  was  cf 
by  the  basal  leg  bending  back- 
wards bom  the  upper  part,  that  is 
in  adireclioD  opposite  to  the  depen- 
dent tip,  in  the  same  mnnner  as 
occurred  with  the  hjpocotyl  of 
tbe  cabbage.  Another  buried  and 
ucfaed  epicotyl  was  observed  in  the  same  manner,  excepting 
that  the  two  legs  of  the  arcli  were  tied  together  with  fine  silk 
for  the  sake  oi  preventing  the  great  movement  just  mentioned. 
It  moved,  however,  in  the  evening  in  the  same  direction  as 
before,  bnt  the  line  followed  was  not  so  straight.  During  the 
morning  the  tied  arch  moved  in  an  irregularly  circular,  strongly 
iietag  coarse,  and  to  a  greater  distance  than  in  the  previoos 
oaee,  u  was  shown  in  a  tracing,  magnified  18  times.  The  move- 
ments of  a  young  plant  bearing  a  few  leaves  and  of  a  mature 
flftnt,  wOl  hereafter  be  deacribed. 


utntioD  of  baried  and  nnhvd 
licotfl,  Inced  dd  rt  barjxDD- 
l1  glau,  frnm  9.30  A.H.  la 
13  p.v.  MoTcmeot  of  bead 
r     filiuiiciit     mngnllied    ST 
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Citrua  auranfium  (Orange)  (AorantdacesB). — ^The  cotyledons 
are  hypogean.  The  circumnutation  of  an  epicotyl,  which  at  the 
close  of  our  observations  was  '59  of  an  inch  (15  mm.)  in  height 
aboye  the  ground,  is  shown  in  the  annexed  figure  (Fig.  17),  as 
observed  during  a  period  of  44  h.  40  m. 

Fig.  17. 


OUriis  aurantium:  circumnutation  of  epicotyl  with  a  filament  fixed  tratiS' 
Tersely  near  its  apex,  traced  on  a  horizontal  glass,  from  12.13  P.M.  on 
Feb.  20th  to  8.55  A.M.  on  22nd.  The  movement  of  the  bead  of  the 
filament  was  at  first  magnified  21  times,  or  10^,  in  figure  here  given, 
and  afterwards  36  timeii,  or  18  as  here  given ;  seedling  illuminated 
from  above. 


^sctdu8  hippocastanum  (Hippocastanesd). — Grerminating  seeds 
were  placed  in  a  tin  box,  kept  moist  internally,  with  a  sloping 
bank  of  damp  argillaceous  sand,  on  which  four  smoked  glass- 
plates  rested,  inclined  at  angles  of  70^  and  65°  with  the 
horizon.  The  tips  of  the  radicles  were  placed  so  as  just  to 
touch  the  upper  end  of  the  glass-plates,  and,  as  they  grew 
downwards  they  pressed  lightly,  owing  to  geotropism,  on  the 
smoked  surfaces,  and  left  tracks  of  their  course.  In  the  middle 
part  of  each  track  the  glass  was  swept  clean,  but  the  margins 
were  much  blurred  and  irregular.  Ciopies  of  two  of  these  tracks 
(all  four  being  nearly  alike)  were  made  on  tracing  paper  placed 
over  the  glass-plates  after  they  had  been  varnished ;  and  they 
are  as  exact  as  possible,  considering  the  nature  of  the  margins 
(Fig.  18).  They  suffice  to  show  that  there  was  some  lateral, 
ahnost  serpentine  movement,  and  that  the  tips  in  their  down- 
ward course  pressed  with  unequal  force  on  the  plates,  ae 
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Fig.  18. 


the  tzmcks  imiitd  in  breadth.  The  more  perfectly  serpentuic 
tracks  made  bj  the  radicles  of  Fkiseotus  muitijiot-us  and  Vicim 
faba  (presently  to  be  described),  render 
it  almost  certain  that  the  radicles  of 
the  present  plant  circmnnntated. 

Ffuueolus  multiflorus  (Legominoss). 
— Four  smoked  glasfr-plates  were  ar- 
ranged in  the  same  manner  as  des- 
cribed under  iGscnlns,  and  the  tracks 
left  by  the  tips  of  four  radicles  of  the 
present  plant,  whilst  growing  down- 
wards, were  photographed  as  trans- 
parent objects.  Three  of  them  are  ^;<>*i^ hppocattrniwn : ouu 
C  xi  •  J  rTK     ttw      mv  •         hnes  of  tracks  left  on  ii- 

here  exacUy  copied  (Fig.  19).    Their     ^,;„^  gias*.pUus  by  ti|« 

serpentine  courses  show  that  the  tips 
moved  regularly  from  side  to  side; 
they  also  pressed  alternately  with 
greater  or  less  force  on  the  plates, 
sometimes  rising  up  and  leaving  them 
altogether  for  a  very  short  distance ; 
but  this  was  better  seen  on  the 
original  plates  than  in  the  copies. 
These  radicles  therefore  were  continually  moving  in  all  direc- 
tions— that  is,  they  circumnutated.  The  distance  between  the 
extreme  right  and  left  positions 
of  the  radicle  A,  in  its  lateral 
movement,  was  2  mm.,  as  ascer- 
tained by  measurement  with  an 
eye-piece  micrometer. 

Vieia  /aba  (Ck)mmon  Bean) 
(LeguminosflB). —  BadicU,  — Some 
beans  were  allowed  to  germinate 
on  bare  sand,  and  after  one  had 
protruded  its  radicle  to  a  length 
of  *  2  of  an  inch,  it  was  turned 
upside  down,  so  that  the  radicle, 
which  was  kept  in  damp  air, 
now  stood  upright.  A  filament, 
nearly  an  inch  in  length,  was 
afllzed  obliquely  near  its  tip;  and  the  movement  of  the 
terminal  bead  was  traced  from  8.30  a.m.  to  10.30  p.m.,  as  shown 
in  Fig.  18.     The  radicle  at  first  changed  its   course  twioe 


of  radicles.  In  A  the  pint* 
WAS  incliaed  at  TO^*  with 
the  horizon,  and  the  radicle 
was  1  *  9  inch  in  length,  and 
*2:^  inch  in  diameter  at  base. 
In  B  the  plate  was  inclined 
65°  with  the  horizonf  and 
the  radicle  was  a  trifle 
larger. 


Fig.  19. 


A,  B.  C. 

Phaseoius  multijtorus :  tracks  lefi 
on  inclined  smoked  glass-plnteji 
by  tips  of  radicles  in  growing 
downwards.  A  and  C,  plates 
inclined  nt  60^,  B  inclined  at 
68^  with  the  horizon. 
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abruptly,  then  made  a  small  loop  and  then  a  larger  zigzag 
earve.     During  the  night  and  till  11  a.m.  on  the  following 

Fig.  20. 


Vkia  faha:  circamnutation  of  a  radicle,  at  first  poiDting  rerti/ally  up* 
wards,  kept  in  darkness,  traced  on  a  horizontal  glass,  during  14  houn. 
MoTement  of  bond  of  filament  mngnified  23  times,  here  reduced  to 
one-half  of  original  scale. 

morning,  the  bead  moved  to  a  great  distance  in  a  nearly  straight 
line,  in  the  direction  indicated  by  the  broken  line  in  the  figure. 
This  resulted  from  the  tip  bending  quickly  downwards,  as  it 
had  now  become  much  declined,  and  had  thus  gained  a  position 
tiighly  favourable  for  the  action  of  geotropism. 

Fig.  21. 


0. 


D. 


£. 


ihia  faha :  tracks  left  on  inclined  smoked  glass-plates,  by  tips  of  radicles 
in  growing  downwards.  Plato  C  was  inclined  at  63°,  plates  A  and  D 
at  71°»  plate  B  at  75°,  and  plate  £  at  a  few  degrees  beneath  the 
horijoD* 
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.  We  next  cxpeiimented  on  nearly  a  score  of  ra^iicles  by  allowing 
them  to  grow  downwaixis  over  inclined  plates  of  smolred  glass, 
in  exactly  the  same  manner  as  with  Xscnlus  and  Phasoi^lus. 
Some  of  the  plates  were  inclined  only  a  few  dcgitxs  beneath 
the  horizon,  but  most  of  them  between  €Af  and  To®.  In  the 
latter  cases  the  radicles  in  growing  downwards  were  deflected 
only  a  little  frum  the  direction  which  they  had  follow<xi  whil^ 
germinating  in  sawdnst,  and  they  pressed  lightly  on  the  glass* 
plates  (Fig.  21).  FiTe  of  the  most  distinct  tracks  are  here 
eopied,  and  they  are  all  slightly  sinaons,  showing  cireumnxitn* 
tion.  Moreover,  a  close  examination  of  almost  every  one  of  the 
tracks  clearly  showed  that  the  tips  in  their  downward  course 
had  alternately  pressed  with  greater  or  less  force  on  the  plates, 
and  had  sometimes  risen  up  so  as  nearly  to  leave  them  for  short 
intervals.  The  distance  between  the  extreme  right  and  left 
positions  of  the  radicle  A  was  0*7  mm.,  ascertained  in  the  same 
manner  as  in  the  case  of  Phaseolus. 

Epicotyl, — ^At  the  point  where  the  radicle  had  protruded  from 
a  bean  laid  on  its  side,  a  flattened  solid  lump  projected  *1  of  an 
inch,  in  the  same  horizontal  plane  with  the  bean.  This  protulier* 
ance  consisted  of  the  convex  summit  of  the  arehcd  epicotyl; 
and  as  it  became  developed  the  two  legs  of  the  areh  curvo<i 
themselves  laterally  upwards,  owing  to  apogcotropism,  at  such 
a  rate  that  the  arch  stood  highly  inclined  after  14  h.,  and 
vertically  in  4S  h.  A  filament  was  fixed  to  the  crown  of 
the  protuberance  before  any  arch  was  visible,  but  the  basal 
half  grew  BO  quickly  that  on  the  second  morning  the  end  of  the 
filament  was  bowed  greatly  downwards.  It  was  therefore  re- 
moved and  fixed  lower  down.  The  lino  traced  during  these  two 
days  extended  in  the  same  general  direction,  and  was  in  parts 
nearly  straight,  and  in  others  plainly  zigzag,  thus  giving  some 
evidence  of  circumhutation. 

As  the  arehed  epicotyl,  in  whatever  position  it  may  Ih)  placed, 
bends  quickly  upwards  through  apogcotropism,  and  as  the  two 
legs  tend  at  a  very  early  age  to  separate  from  one  another,  as 
soon  OS  they  are  relieved  from  the  pressure  of  the  surrounding 
earth,  it  was  difficult  to  ascertain  positively  whether  the  epicotyl, 
whilst  remaining  arched,  circumnuta-ted.  Themfore  some  ratlmr 
deeply  buried  beans  wore  uncovered,  and  the  two  legs  of  the 
arehes  were  tied  together,  as  had  been  done  with  the  epicotyl 
of  TropcBolum  and  the  hypocotyl  of  the  Cabbage.  The  move- 
ments of  the  tied  arches  were  traced  in  the  usual  manner  on 
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two  occasions  daring  three  diys.  But  the  tracings  made  under 
BQch  mmatural  conditions  are  not  worth  giving ;  and  it  need 
only  be  said  that  the  lines  were  decidedly  zigzag,  and  that 
small  loops  were  occasionally  formed.  We  may  therefore  con- 
clude that  the  epicotyl  circomnntates  whilst  still  arched  and 
before  it  has  grown  tall  enough  to  break  through  the  surface 
of  the  ground. 

In  order  to  observe  the  movements  of  the  epicotyl  at  a  some- 
what more  advanced  age,  a  filament  was  fixed  near  the  base  of 
one  which  was  no  longer  arched,  for  its  upper  half  now  formed 
a  right  angle  with  the  lower  half.  This  bean  had  germinated 
on  bare  damp  sand,  and  the  epicotyl  began  to  straighten  itself 
much  sooner  than  would  have  occurred  if  it  had  been  properly 
planted.  The  course  pursued  during  50  h.  (from  9  a.ic  Dec 
26th,  to  11  A.M.  28th)  is  here  shown  (Fig.  22) ;  and  we  see 

Fig.  22. 


Vida  faba :  circumnutatien  of  yoang  epicotyl^  traced  In  darkness  during 
50  hours  on  a  horizontal  glass.  Movement  of  bead  of  filament  mag- 
nified 20  times,  here  reduced  to  one-half  of  original  scale. 

that  the  epicotyl  circumnutated  during  the  whole  time.  Its 
basal  part  grew  so  much  during  the  50h.'that  the  filament 
at  the  end  of  our  observations  was  attached  at  the  height  of 
*4  inch  above  the  upper  surface  of  the  bean,  instead  of  close 
to  it.  If  the  bean  had  been  properly  planted,  this  part  of  the 
epicotyl  would  still  liave  been  beneath  the  soil. 

Late  in  the  evening  of  the  28th,  some  hours  after  the  above 
observations  were  completed,  the  epicotyl  had  grown  much 
straighter,  for  the  upper  part  now  formed  a  widely  open  angle 
with  the  lower  part.  A  filament  was  fixed  to  the  upright  basal 
part,  higher  up  than  before,  close  beneath  the  lowest  scale-like 
process  or  homologue  of  a  leaf;  and  its  movement  was  traced 
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dniiDg  38  h.  (Fig.  23).  Wo  here  again  have  plain  evidence  of 
eontinaed  cucnmnatmtioa.  Had  the  bean  been  properly  planted, 
the  purt  of  the  epiootyl  to  which  the  filament  was  attached,  the 

Kg.  2*. 


Vieia  faba :  circamnuUtion  of  the  same  epiootyl  as  In  Fig.  22,  a  little  mora 
adTanced  in  age,  traced  under  similar  conditions  as  before,  fVom  8.40  A.M. 
Dec  28th,  to  10.50  a.m.  30th.  Morement  of  bead  here  magnified 
20  times. 

movement  of  wliich  is  here  shown,  would  proliably  have  just 
ris^i  above  the  surface  of  the  ground. 

Lathyrus  nissolia  (LeguminossB). — This  plant  was  selected  for 
observation  from  being  an  abnormal  form  with  grass-like  leave& 

Fig.  24. 


IsothyrttM  nfssolia:  circnmnutation  of  stem  of  young  seedling,  trace!  in 
darkness  on  a  horizontal  glau,  from  6.45  a.m.  Kor.  22nd,  to  7  a.m. 
23rd.  Morerocnt  of  end  of  leaf  magnified  about  12  times,  here  re- 
duced to  one-half  of  original  scale. 

The  cotyledons  are  hypogean,  and  the  epiootyl  breaks  through 
the  ground  in  an  archod  form.  The  movements  of  a  stem,  1*2 
inch  in  height,  consisting  of  three  internodes,  the  lower  one 
almost  wholly  subterranean,  and  the  upper  one  bearing  a  short, 
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narrow  leaf,  is  shown  durinpj  24  h.,  in  Fip.  24r.  No  glass  filament 
was  employed,  but  a  mark  was  placed  beneath  the  apex  of  the 
leaf.  The  actnal  length  of  the  longer  of  the  two  ellipses  de- 
scribed by  the  stem  was  about  *14  of  an  inch.  On  the  previous 
day  the  chief  lino  of  movement  was  nearly  at  right  angles  to 
that  shown  in  the  present  figure,  and  it  was  more  simple. 
Ccusia  tora^  (L^^minosse). — A  seedling  was  placed  before  a 

Fig.  25 


On»ia  iora:  oonjolnt  circtunnatation  of  cotyledons  and  hypocotyl,  tractnl 
on  vertical  glasA,  from  7.10  a.m.  Sept.  25th  to  7.30  a.m.  26th.  Figure 
here  giren  reduced  to  one-half  of  original  scale. 


*  Seeds  of  tills  plant,  which 
prew  ncHF  the  sen-side,  were  sent 
to  us  by  Fritz  Mailer  from  8. 
BiaxiL     Tl.e  seedlings  did  Dut 


flourish  or  flower  well  with  us; 
they  were  sent  to  Kew,  and  were 
pronounced  ndt  to  bo  dibtinguish- 
Hblo  from  C.  tora. 
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north-€ast  window ;  it  bent  very  little  towards  it,  as  the  bypo- 
cotyl  which  was  left  free  was  rather  old,  and  therefore  not  highly 
heliotropic  A  filament  had  been  fixed  to  the  midrib  of  one  of 
the  cotyledons,  and  the  movement  of  the  whole  seedling  was 
traced  dur'Dg  two  days.  The  circnmnutation  of  the  hypocotyl 
is  quite  insignificant  compared  with  that  of  the  cotyledons. 
These  rise  up  vertically  at  night  and  come  into  close  contact ;  so 
that  they  may  be  said  to  sleep.  This  seedling  was  so  old  that  a 
very  small  true  leaf  had  been  developed,  wiiich  at  night  was 
completely  hidden  by  the  closed  cotyledons.  On  Sept.  24th, 
between  8  a.m.  and  5  p.m.,  the  cotyledons  moved  five  times  up 
and  five  times  down ;  they  therefore  described  five  irregular 
eUipees  in  the  course  of  the  9  h.  The  great  nocturnal  rise  com- 
menced about  4.30  p.m. 

On  the  following  nioruing  (Sept.  25th)  the  movement  of 
the  same  cotyledon  vas  again  traced  in  the  same  manner 
during  24  h. ;  and  a  copy  of  the  tracing  is  here  given  (Fig.  25). 
The  morning  was  cold,  and  the  window  had  been  accidentally 
left  open  for  a  short  time,  which  must  have  chilled  the  plant ; 
and  this  probably  prevented  it  from  moving  quite  as  freely  as 
on  the  previous  day ;  for  it  rose  only  four  and  sank  only  four 
times  during  the  day,  one  of  the  oscillations  being  very  small. 
At  7.10  a.m.,  when  the  first  dot  was  made,  the  cotyledons  were 
not  fully  open  or  awake ;  they  continued  to  open  till  about  9  a.m., 
by  which  time  they  had  sunk  a  little  beneath  the  horizon :  by 
9.30  A.M.  they  had  risen,  and  then  they  oscillated  up  and  down ; 
but  the  upward  and  downward  lines  never  quite  coincided.  At 
about  4.30  p.m.  the  great  nocturnal  rise  conunenccd.  At  7  a.m. 
on  the  following  morning  (Sept.  2Gth)  they  occupied  nearly 
the  same  level  as  on  the  previous  morning,  as  shown  in  the 
diagram :  they  then  began  to  open  or  sink  in  the  usual  manner. 
The  diagram  leads  to  the  belief  that  the  great  i)oriodical  daily 
rise  and  fall  does  not  differ  essentially,  excepting  in  amplitude, 
from  the  oscillations  during  the  middle  of  the  day. 

Lotus  JacobcBus  (Leguminosae). — The  cotyledons  of  this  plant, 
after  the  few  first  days  of  their  life,  rise  so  as  to  stand  almost, 
though  rarely  quite,  vertically  at  night.  They  continue  to  act  in 
this  manner  for  a  long  time  even  after  the  development  of  some 
of  the  true  leaves.  With  seedlings,  3  inches  in  height,  and  bear- 
ing five  or  six  leaves,  they  roso  at  night  about  45°.  They  con- 
tinued to  act  thus  for  about  an  additional  fortnight.  Subse- 
quently they  remained  horizontal  at  Light,  though  still  greon, 
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and  at  last  dropped  off.  Their  risinp;  at  night  so  as  to  stand 
almost  vertically  appears  to  depend  largely  on  temperature; 
for  when  the  seedlings  were  kept  in  a  cool  house,  though  they 
still  continued  to  grow,  the  cotyledons  did  not  become  vertical 
at  night.  It  is  remarkable  that  the  cotyledons  do  not  generally 
rise  at  night  to  any  conspicuous  extent  during  the  first  four  or 
five  days  after  germination;  but  the  period  was  extremely 
variable  with  seedlings  kept  under  the  same  conditions;  and 
many  were  observed.  Glass  filaments  with  minute  triangles  of 
paper  were  fixed  to  the  cotyledons  (1^  mm.  in  breadth)  of  two 
seedlings,  only  24  h.  old,  and  the  hypocotyl  was  secured  to  a 
stick ;  their  movements  greatly  magnified  were  traced,  and  they 
certainly  circumnutated  the  whole  time  on  a  small  scale,  but 
they  did  not  exhibit  any  distinct  nocturnal  and  diurnal  move- 
ment. The  hypocotyls,  when  left  free,  circimmutated  over  a 
large  space. 

Another  and  much  older  seedling,  bearing  a  half-developed 
leaf,  had  its  movements  traced  in  a  similar  manner  during  the 
three  first  days  and  nights  of  June ;  but  seedlings  at  this  age 
appear  to  be  very  sensitive  to  a  deficiency  of  light;  they  were 
observed  under  a  rather  dim  skylight,  at  a  temperature  of 
between  16°  to  17  i°  C. ;  and  apparently,  in  consequence  of  these 
conditions,  the  great  daily  movement  of  the  cotyledons  ceased 
on  the  third  day.  During  the  first  two  days  they  began  rising 
in  the  early  afternoon  in  a  nearly  straight  line,  until  between 
6  and  7  p.m.,  when  they  stood  vertically.  During  the  latter 
part  of  the  night,  or  more  probably  in  the  early  morning,  they 
began  to  fall  or  open,  so  that  by  6.45  a.m.  they  stood  fully 
expanded  and  horizontal.  They  continued  to  fall  slowly  for 
some  time,  and  during  the  second  day  described  a  single 
small  ellipse,  between  9  a.m.  and  2  p.m.,  in  addition  to  the 
great  diurnal  movement.  The  course  pursued  during  the 
whole  24  h.  was  far  less  complex  than  in  the  foregoing  case  of 
Cassia.  On  the  third  morning  they  fell  very  much,  and  then 
circumnutated  on  a  small  scale  round  the  same  spot ;  by  8.20 
P.M.  they  showed  no  tendency  to  rise  at  night.  Nor  did  the 
cotyledons  of  any  of  the  many  other  seedlings  in  the  same  pot 
rise ;  and  so  it  was  on  the  following  night  of  June  5th.  The 
pot  was  then  taken  back  into  the  hot-house,  where  it  was  exposed 
to  the  sun,  and  on  the  succeeding  night  all  the  cotyledons  rose 
again  to  a  high  angle,  but  did  not  stand  quite  vertically.  On 
each  of  the  above  days  the  line  representing  the  great  noctomal 
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did  not  cxMixade  witL  that  of  the  great  diurnal  fidl,  so  thai 
narrow  dlipses  were  described,  as  is  the  usual  rule  with  circum> 
nutating  organs.  The  cotyledons  are  proTided  with  a  pulrinus, 
and  its  deTelopment  will  hereafter  be  described. 

Mimom  pmdiea  (Legumino6»). — The  cotyledons  rise  up  xerti- 
callj  at  nighty  so  as  to  close  together.  Two  seedlings  were 
observed  in  the  gieaihouse  (t^np.  IG""  to  IT""  C  or  63^  to  65""  F.X 
Their  hypoootyls  were  secured  to  sticks,  and  glass  filaments 
bearing  little  triangles  of  paper  were  affixed  to  the  cotyledons  of 
both.  Their  mcTements  were  traced  on  a  vertical  glass  during 
24  h.  on  NoTember  13th.  The  pot  had  stood  for  some  time  in 
the  same  position,  and  they  were  chiefly  illuminated  through 
the  glass-roc^  The  cotyledons  of  one  of  these  seedlings  moved 
downward  in  the  morning  till  11.30  A.M.,  and  then  rose,  moving 
rapidly  in  the  evening  until  they  stood  yertically,  so  that  in  this 
case  there  was  simply  a  single  great  daily  fall  and  rise.  The 
other  seedling  behaved  rather  differently,  for  it  f»ll  in  the  morn- 
ing until  ILdO  A.M.,  and  then  rose,  but  after  ISllO  p.m.  again  fell ; 
and  the  great  evening  rise  did  not  begin  until  1.22  p.m.  On  the 
following  morning  this  cotyledon  had  fallen  greatly  from  its 
Tertical  position  by  8.15  a.m.  Two  other  seedlings  (one  seven 
and  the  other  eight  days  old)  had  been  previously  observed 
under  unfavourable  circumstances,  for  they  had  been  brought 
into  a  room  and  placed  before  a  north-east  window,  where  the 
temperature  was  between  only  56®  and  57°  F.  They  had,  more- 
over, to  be  protected  from  lateral  light,  and  perhaps  were  not 
sufficiently  illuminated.  Under  these  circumstances  the  coty- 
ledons moved  simply  downwards  from  7  a.m.  till  2  p.m.,  after 
which  hour  and  during  a  large  part  of  the  night  they  con- 
tinued to  rise.  Between  7  and  8  a.m.  on  the  following  morning 
they  fell  again ;  but  on  this  second  and  likewise  on  the  third 
day  the  movements  became  irregular,  and  between  8  and  10.30 
P.M.  they  circumnutated  to  a  small  extent  about  tho  same  spot ; 
but  they  did  not  rise  at  night.  Nevertheless,  on  tho  following 
night  they  rose  as  usual. 

Cytisus/ragrans  (LegtuninossB). — Only  a  few  obsorvntions  wore 
made  on  this  plant  The  hypocotyl  circumnutated  to  a  con- 
siderable extent,  but  in  a  simple  manner — namely,  for  two  hours 
in  one  direction,  and  then  much  more  slowly  back  again  in 
a  zigzag  course,  almost  parallel  to  the  first  line,  and  beyond  the 
starting-point.  It  moved  in  the  same  direction  all  night,  but 
nest  morning  began  to  return.     The  cotyledons  continually 
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move  both  up  and  down  and  laterally ;  but  they  do  not  rise  up 
at  night  in  a  conspicuous  manner. 

Lupintts  luteus  (Leguminosaj). — Seedlings  of  this  plant  were 
observed  because  the  cotyledons  are  so  thick  (about  08  of  an 
inch)  that  it  seemed  unlikely  that  they  would  moye.  Our 
observations  were  not  very  successful,  as  the  seedlings  ai*e 
strongly  heliotropic,  and  their  circumnutation  could  not  be 
accurately  observed  near  a  north-east  window,  although  they 
had  been  kept  during  the  previous  day  in  the  same  position. 
A  seedling  was  then  placed  in  darkness  with  the  hypocotyl 
secured  to  a  stick;  both  cotyledons  rose  a  little  at  first,  and 
then  fell  during  the  rest  of  the  day ;  in  the  evening  between 
5  and  6  p.m.  they  moved  very  slowly ;  during  the  night  one 
continued  to  fall  and  the  other  rose,  though  only  a  little.  The 
tracing  was  not  much  magnified,  and  as  the  lines  were  plainly 
zigzag,  the  cotyledons  must  have  moved  a  little  laterally,  that 
is,  they  must  have  circumnutated. 

The  hypocotyl  is  rather  thick,  about  •  12  of  inch ;  nevertheless 
it  circumnutated  in  a  complex  course,  though  to  a  small  extent 
The  movement  of  an  old  seedling  with  two  true  leaves  partially 
developed,  was  observed  in  the  dark.  As  the  movement  was 
magnified  about  100  times  it  is  not  trustworthy  and  is  not 
given ;  but  there  could  be  no  doubt  that  the  hypocotyl  moved 
in  all  directions  during  the  day,  changing  its  course  19  times. 
The  extreme  actual  distance  from  side  to  side  through  which 
the  upper  part  of  the  hypocotyl  passed  in  the  course  of  14i  hours 
was  only  ^  of  an  inch ;  it  sometimes  travelled  at  the  rate  of 
^  of  an  inch  in  an  hour. 

Cucurbita  ovi/era  (Cucurbitacefe). — Hadide  :  a  seed  which  had 

Fig.  26. 

A' 

Cticurbiia  ov'fera :  course  followed  by  a  radicle  in  bending  geotropicnlly 
downwards,  traced  on  a  horizontal  glass,  between  11.25  A.M  and  10.25 
P.M. ;  the  direction  during  the  night  is  indicated  by  the  broken  line. 
Movement  of  bead  magnified  14  times. 

germinated  on  damp  sand  was  fixed  so  that  the  slightly  curved 
radicle,  which  was  only  07  inch  in  length,  stood  almost  vertically 
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upwards,  in  which  position  geotropism  would  sot  At  ttrs^t  with 
little  power.  A  fiLunont  wsls  attaohi'd  n«ar  to  its  Ix&se,  and 
projected  at  about  an  angle  of  45~  abore  the  horizon.  Tho 
general  coarse  followed  during  the  11  hours  v>f  ol^^rration  and 
during  the  following  night,  is  shown  in  the  aocompan^in); 
diagram  (Fig.  26*,  and  was  plainly  due  to  gvoti\>pism ;  but  it 
was  also  cl^ar  that  the  radiclo  oircumnutated.  By  t))o  m^xt 
morning  the  tip  had  curved  so  much  downwar\ls  that  the  fila- 
ment, instead  of  projecting  at  45^  alcove  the  horizon,  was  nearly 
horizontaL  Another  germinating  seed  was  turuoii  u})Qude  down 
and  covered  with  damp  sand ;  and  a  filament  wtut  fastened  to 
the  radicle  so  as  to  project  at  an  angle  of  alK>ut  ^0^  alH)vo  tho 
horizon;  this  radicle  was  35  of  an  inch  in  length  and  a  littlo 
curved.  The  course  pursucii  was  mainly  gi^venuHl,  as  in  tho 
last  case,  by  gcotropism,  but  tho  line  tmi\Hl  during  V2  hours  luul 
magnified  as  before  was  more  strongly  zigzag,  u^uin  showing 
circnnmutation. 

Four  radicles  were  allowed  to  grow  downwards  over  plates 
of  smoked  glass,  inclined  at  70°  to  tho  horizon,  under  tho 
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Cucurbita  oH/era:  tracks 
left  by  t\\ys  of  radicles 
in  growing  downwards 
over  smoked  glans- 
plates,  inclined  at  7u^ 
to  tho  horizon. 


Cik'urbita  ovifiTa ;  circumnuta- 
tion  of  arched  hyjMcotyl  at 
a  very  early  age,  traced  in 
darkness  on  a  horizontal  glass, 
fVora  8  A.M.  to  10.20  a.m.  on 
the  following  day.  The  move- 
ment of  the  bead  magnified 
20  times,  here  reduced  to  one- 
half  of  original  scale. 


same  conditions  as  in  the  cases  of  JEsculns,  PhaKColus,  and 
Vicia.  Facsimiles  are  hero  given  (Fig.  27)  of  two  of  tlioso 
tracks;  and  a  third  short  one  was  almost  as  plainly  ser])entine 
as  that  at  A.  It  was  also  manifest  by  a  greater  or  less  amount 
of  0oot  having  been  swept  ofif  the  glasses,  tliat  the  tipi  hiid 
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pressed  alternately  with  greater  and  less  force  on  them.  There 
must,  therefore,  liave  been  movement  in  at  least  two  planes  at 
right  angles  to  one  another.  These  radicles  were  so  delicate  that 
they  rarely  had  the  power  to  sweep  the  glasses  quite  clean.  One 
of  them  had  developed  some  lateral  or  secondary  rootlets,  which 
projected  a  few  degrees  beneath  the  horizon ;  and  it  is  an  im- 
portant fact  that  three  of  them  left  distinctly  serpentine  tracks 
on  the  smoked  surface,  showing  beyond  doubt  that  they  had 
circumnutated  like  the  main  or  primary  radicle.  But  the 
tracks  were  ^  slight  that  they  could  not  bo  traced  and  copied 
after  tlie  smoked  surface  had  been  varnished. 

Ffypftcotyl. — A  seed  lying  on  damp  sand  was  firmly  fixed  by 
two  crossed  wires  and  by  its  own  growing  radicle.  The  cotyle- 
dons were  still  enclosed  within  the  seed-coats;  and  the  short 

hypocotyl,  between  the  summit  of 
the  radicle  and  the  cotyledons, 
was  as  yet  only  slightly  arched.  A 
filament  ('85  of  inch  in  length) 
was  attached  at  an  angle  of  35^ 
above  the  horizon  to  the  side  of 
the  arch  adjoining  the  cotyle- 
dons. This  part  would  ultimately 
form  the  upper  end  of  the  hypo- 
cotyl, after  it  had  grown  straight 
and  vertical.  Had  the  seed  been 
properly  planted,  the  hypocotyl  at 
this  stage  of  growth  would  have 
iKJcn  deeply  buried  beneath  the 
surface.  The  course  followed  by 
the  bead  of  the  filament  is  shown 
in  Fig.  28.  The  chief  lines  of 
fastcuVd  transversely  across  movement  from  left  to  right  in  the 
its  upper  end,  traced  in  dark-    figure  were  parallel  to  the  plane 

Tm  "8'!3o\':"roo'^K«:  of  the  two  united  cotyledons  and 
The  movemont.'f  the  terminal  of  the  flattened  soed ;  and  this 
bead    originally     niaguiiied    movement  would  aid  in  dragging 

about  18  times,  here  only  4^     ^j^^^^  ^^^^  ^^  ^^^  seed-COatS,  which 

are  held  down  by  a  special  struc- 
ture hereafter  to  be  described.  The  movement  at  right  angles 
to  the  above  lines  was  due  to  the  arched  hypocotyl  becoming 
more  arched  as  it  increased  in  height.  The  foregoing  observa- 
tions apply  to  the  leg  of  the  arch  next  to  the  cotyledons,  but 


Cucut-bita  ovifera:  circumnuta- 
tiun  of  straight  and  verti- 
cal hypocotyl,  with  filament 
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the  other  leg  adjoining  the  nuiicle  likewise  cin^uninutated  at  ad 
equally  early  age. 

The  moYeinent  of  V  e  same  hypocotyl  after  it  had  hecome 
straiglit  and  vertical,  but  with  the  cotyle^lons  only  partially 
expanded,  is  shown  in  Fig.  29.  The  course  pursued  during  la  h. 
apparently  represents  four  and  a  half  ellipses  or  ovals,  with 
the  longer  axis  of  the  first  at  nearly  right  angles  to  that  of  the 
others.  The  longer  axes  of  all  were  oblique  to  a  line  joining 
the  opposite  cotyledons.  The  actual  extreme  distance  from 
side  to  side  over  which  the  summit  of  the  tall  hypocotyl 
passed  in  the  course  of  12  h.  was  *  28  of  an  inch.  The  original 
figim  waa  traced  on  a  large  scale,  anJ  from  the  obliquity  of 
the  line  of  view  t'le  outer  parts  of  the  diagram  are  much 
exaggerated. 

Cotyledons. — On  two  occasions  the  movements  of  the  cotyle- 
dons were  traced  on  a  vertical  glass,  and  as  the  ascending  and 
descending  lines  did  not  quite  coincide,  very  narrow  ellipses 
were  formed;  they  therefore  circumnutated.  Whilst  young 
they  rise  vertically  up  at  night,  but  their  tips  always  remain 
reflexed ;  on  the  following  morning  they  sink  down  again.  \Vith 
a  seedling  kept  in  complete  darkness  they  moved  in  the  same 
manner,  for  they  sank  from  8.45  a.m.  to  4.30  p.m.;  they  then 
began  to  rise  and  remained  close  together  until  10  p.m.,  when 
they  were  lost  observed.  At  7  a.m.  on  the  following  morning 
they  were  as  much  expanded  as  at  any  hour  on  the  previous 
day.  The  cotyledons  of  another  young  seedling,  exposed  to  the 
light,  were  fully  open  for  the  first  time  on  a  certain  day,  but 
were  found  completely  closed  at  7  a.m.  on  the  following  morning. 
They  soon  began  to  expand  again,  and  continued  doing  so  till 
about  5  P.M. ;  they  then  began  to  rise,  and  by  10.30  p.m.  stood 
vertically  and  were  almost  closed.  At  7  a.m.  on  the  third  morn- 
ing they  were  nearly  vertical,  and  again  expanded  during  the 
day;  on  the  fourth  morning  they  were  not  closed,  yet  they 
opened  a  little  in  the  course  of  the  day  and  rose  a  little  on  the 
following  night.  By  this  time  a  minute  true  leaf  hod  become 
developed.  Another  seedling,  still  older,  bearing  a  well-developed 
leaf,  had  a  sharp  rigid  filament  affixed  to  one  of  its  cotyledons 
(85  mm.  in  length),  which  recorded  its  own  movements  on 
a  revolving  drum  with  smoked  paper.  The  observations  were 
made  in  the  hot-house,  where  the  plant  had  lived,  so  that  there 
was  no  change  in  temperature  or  light.  The  record  commenced 
at  11  A.M.  on  February  18th ;  and  fiom  this  hour  till  3  p.m.  the 
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cotyledon  foil;  it  then  rose  rapidly  till  9  p.m.,  then  verj 
gradually  till  3  a.m.  February  19th,  after  wliich  hour  it  sank 
gradually  till  4.30  p.m.;  but  the  downward  movement  was  inter- 
rupted by  one  slight  rise  or  oscillation  about  1.30  p.m.  After 
4.30  P.M.  (19th)  the  cotyledon  rose  till  1  a.m.  (in  the  night  of 
February  20th)  and  then  sank  very  gradually  till  9.30  a.m., 
when  our  observations  ceased.  The  amount  of  movement  was 
greater  on  the  18th  than  on  the  19th  or  on  the  morning  of 
the  20th. 

Cucurbita  aurantia, — All  arched  hyi)ocotyl  was  found  buried  a 
little  beneath  the  surface  of  the  soil ;  and  in  order  to  prevent  it 
straightening  itself  quickly,  when  relieved  from  the  surrounding 
pressure  of  the  soil,  the  two  legs  of  the  arch  were  tied  together. 
The  seed  was  then  lightly  covered  with  loose  damp  earth.  A 
filament  with  a  bead  at  the  end  was  affixed  to  the  basal  leg,  the 
movements  of  which  were  observed  during  two  days  in  the 
usual  manner.  On  the  first  day  the  arch  moved  in  a  zigzag  line 
towards  the  side  of  the  basal  leg.  On  the  next  day,  by  which 
time  the  de|)endent  cotyledons  had  been  dragged  above  the  sur- 
face of  the  soil,  the  tied  arch  changed  its  course  greatly  nine 
times  in  the  course  of  14i  h.  It  swept  a  large,  extremely  irre- 
gular, circular  figure,  returning  at  night  to  nearly  the  same 
spot  whence  it  bad  started  early  in  the  morning.  The  line  was 
80  strongly  zigzag  that  it  appareutly  represented  five  ellipses,  with 
their  longer  axes  pointing  in  various  directions.  With  respect 
to  the  periodical  movements  of  the  cotyledons,  those  of  several 
young  seedlings  fonned  together  at  4  p.m.  an  angle  of  about  60®, 
and  at  10  p.m.  their  lower  parts  stood  vertically  and  were  in 
contact ;  their  tips,  however,  as  is  usual  in  the  genus,  were  i)er- 
maneiitly  reflexed.  These  cotyledcms,  at  7  a.m.  on  the  following 
morning,  were  again  well  expanded. 

Laf/enaria  vult/an's  (var.  miniature  Bottle-gourd)  (Cucurbi- 
taceflB). — A  seedling  opened  its  cotyledons,  the  movements  ol 
which  were  alone  observed,  slightly  on  June  27th,  and  closed 
them  at  night:  next  day,  at  noon  (28th),  they  included  an 
angle  of  63°,  and  at  10  p.m.  they  were  in  close  contact,  so  that 
each  had  risen  26i°.  At  noon,  on  the  29th,  they  included  an 
angle  of  118°,  and  at  10  p.m.  an  angle  of  54°,  so  each  had 
risen  32°.  On  the  following  day  thoy  were  still  more  open,  and 
the  nocturnal  rise  was  greater,  but  the  angles  were  not  measured. 
Two  other  seedlings  were  oKserved,  and  l)ehaved  during  three 
days  in  a  closely  similar  manner.    The  cotyledons,  therefore. 
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Fig.  30. 
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open  more  and  more  on  each  succeeding  day,  and  rise  each 
night  about  30°;  consequently  during  the  first  two  nights  of 
their  life  they  stand  vertically  and 
coine  into  contact 

In  order  to  ascertain  more  ac- 
curately the  nature  of  these  move- 
ments, the  hypocotyl  of  a  seedling, 
with  its  cotyledons  well  expanded, 
was  secured  to  a  little  stick,  and  a 
filament  with  triangles  of  paper 
was  affixed  to  one  of  the  cotyledons. 
The  observations  were  made  under 
a  rather  dim  skylight,  and  the 
temperature  during  the  whole  time 
was  between  17^  to  18°  C.  (63°  to 
65°  F.)«  Had  the  temperature  been 
higher  and  the  light  brighter,  the 
movements  would  probably  have 
been  greater.  On  July  11th  (see 
Fig.  30),  the  cotyledon  fell  from 
7.35  A.M.  till  10  A.M. ;  it  then  rose 
(rapidly  after  4  p.m.)  till  it  stood 
quite  vertically  at  8.40  p.m.  During 
the  early  morning  of  the  next  day 
(12th)  it  fell,  and  continued  to  fall 
till  8  A.M.,  after  which  hour  it  rose, 
then  fell,  and  again  rose,  so  that  by 
10.35  P.M.  it  stood  much  higher  than 
it  did  in  the  morning,  but  was  not 
vertical  as  on  the  preceding  night 
During  the  following  early  morn- 
ing and  whole  day  (13th)  it  fell  and  Lag' nana  vulgtris:  circumnn- 
circumnutated,  but  had  not  risen  *^^'*'«  9^  »  cotyledon,  U 
when  observed  late  in  the  evening ; 
and  this  was  probably  due  to  the 
deficiency  of  heat  or  light,  or  of 
both.  We  thus  see  that  the  coty- 
ledons became  more  widely  oix)n  at 
noon  on  each  succeeding  day ;  and 
that  they  rose  considerably  each  night,  though  not  acquiring 
a  vertical  position,  except  during  the  first  two  nights. 

(JucumU  duduim  (Cucurbitacese). — Two  seedlings  had  opened 
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inch  in  length,  apex  only  4J 
inches  from  the  vertical  glass, 
on  which  its  movements  were 
traced  from  7.35  a.m.  July 
nth  to  9.5  A.M.  on  the  14th. 
Figure  here  given  reduced 
to  one-third  of  original  scale. 
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their  cotyledons  for  the  first  time  during  the  day,— one  to  the 
extent  of  90°  and  the  other  rather  more;  they  remained  in 
nearly  the  same  position  until  10.40  p.m  ;  but  by  7  am.  on  the 
following  morning  the  one  which  had  been  previously  open  to 
the  extent  of  90°  had  its  cotyledons  vertical  and  completely 
shut ;  the  other  seedling  had  them  nearly  shut.  Later  in  the 
morning  they  opened  in  the  ordinary  manner.  It  appears 
therefore  that  the  cotyledons  of  this  plant  close  and  open  at 
somewhat  different  periods  from  those  of  the  foregoing  species 
of  the  allied  genera  of  Cucurbita  and  Lagenaria. 

Opuntia  basilaris  (Cacteie). — A  seedling  was  carefully  ob- 
served, because  cx)nsidering  its 
appearance  and  the  nature  of  the 
mature  plant,  it  seemed  very  un- 
likely that  either  the  hypocotyl  or 
cotyledons  would  circumnutate  to 
an  appreciable  extent  The  coty- 
ledons were  well  developed,  being 
•9  of  an  inch  in  length,  '22  in 
breadth,  and  '15  in  thickness. 
The  almost  cylindrical  hypocotyl, 
now  bearing  a  minute  spinous  bud 

/on  its  summit,  was  only  '45  of  an 
inch   in   height,  and    *19   in  dia- 

OjmntuE  haBUa^-iM :  conjoxnt  cir-  ^^^^'    The  tracing  (Fig.  31)  shows 

cumnuution   of    hy|)ocotyl  the    combined    movement   of   the 

«nd     cotyledon ;       Hlament  hypocotyl  and  of  one  of  the  coty- 

fixed  longitudinally  to  coty-  ^^  ^^^  ^  45  p  j^,    ^^  ^^      28th 

ledon,  and  movement  traced  .     ^.    *  xu    01  x      aa    au    onxu 

during    66  h.  on  horizontal  to  11  A  M.  on  the  Slst.     On  the  29th 

glass.  Movement  of  the  ter-  a  nearly  perfect  ellipse  was  com- 
minal  bead  magnified  about  pi^ty^]  Qn  the  30th  the  hypocotyl 
30  times,  here  reduced  to  one-  ^    r  yr^ 

third  scale.  Seedling  kept  in  moved,  from  somo  unknown  cause, 
hot-house,  feebly  illuminated  in  the  same  general  direction  in  a 
from  above.  zigzag  line ;  but  between  4.30  and 

10  P.M.  almost  completed  a  second 
small  ellipse.  The  cotyledons  move  only  a  little  up  and  down : 
thus  at  10.15  P.M.  they  stood  only  10°  higher  than  at  noon.  The 
chief  seat  of  movement  therefore,  at  least  when  the  cotyledons 
are  rather  old  as  in  the  present  case,  lies  in  the  hypocotyl.  The 
ellipse  described  on  the  29th  had  its  longer  axis  directed  at 
nearly  right  angles  to  a  line  joining  the  two  cotyledons.  The 
fkctual  amount  of  movement  of  the  bead  at  the  end  of  the 
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filament  was,  as  far  as  oonld  be  ascertained,  about  '1-i  of  an 
inch. 

Helianthus  annuus    (Compositae\— The   upper   part    of    the 
hypocotyl  moTed  during  the 
day-time     in    the     course  *"'«?•  32. 

shown  in  the  annexed  figure 
(Fig.  32).  As  the  line  runs  ^'-  " 
in  Tahous  directions,  cross- 
ing  itself  several  times, 
the  moYement  may  be  con- 
sidered as  oue  of  circumnu- 
tation.  The  extreme  actual 
distance  trayelled  was  at 
least  *1  of  an  inch.  The 
movements  of  the  cotyle- 
dons of  two  seedlings  were  ^f'^"»'^'««^««n»««*' ;  circumnutation  of 
,  J  1-     •  1.  hypocotyl,  with  nianient  fixed  Across 

observed;  onefacmg  a  north-      i^  summit,  traced  on  a  hori«onUI 

east  window,  and  the  other       glass  in  darkness,  from  8.45  A.M.  to 

80  feebly  illuminated  from      ^^-^  ^-^'^  ^^^  ^""^  *°  *^*^"'*  **°  foilow- 

,  X      1-         1         X    •  "»g    moraine.      Movement    of  bead 

above    as   to   be    almost   m        magnified  2l  times,  here  reduced  to 

darkness.    They  continued      one-half  of  original  scale. 
to    sink    till  about   noon, 

when  they  began  to  rise;  but  between  5  and  7  or  8  p.m. 
they  either  sank  a  little,  or  moved  laterally,  and  then  again 
began  to  rise.  At  7  a.m.  on  the  following  morning  those  on 
the  plant  before  the  north-east  wiodow  had  opened  so  little 
that  they  stood  at  an  angle  of  73°  above  the  horizon,  and  wore 
not  observed  any  longer.  Those  on  the  seedling  which  had 
been  kept  in  almost  complete  darkness,  sank  during  the  whole 
day,  without  rising  about  mid-day,  but  rose  during  the  night. 
On  the  third  and  fourth  days  they  continued  sinking  without 
any  alternate  ascending  movement;  and  tliis,  no  doubt,  was 
due  to  the  absence  of  light 

Primula  Sinensis  (Primulacere). — A  seedling  was  placed  with 
the  two  cotyledons  parallel  to  a  north-east  window  on  a  day 
when  the  light  was  nearly  uniform,  and  a  filament  was  affixed 
to  one  of  them.  From  observations  subsequently  made  on 
another  seedling  with  the  stem  secured  to  a  stick,  the  greater 
part  of  the  movement  shown  in  the  annexed  figure  (Fig.  33), 
must  have  been  that  of  the  hypocotyl,  though  the  cotyledons 
certainly  move  up  and  down  to  a  certain  extent  both  during  the 
day  and  nighi    The  movements  of  the  same  seedling  were  traced 
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on  the  following  day  with  nearly  the  same  result;  and  thew 
can  be  no  doubt  about  the  circumnutation  of  the  hypocotyL 


Fig.  33. 

•  > 


Primula  Sinensis:  conjoint  circumnutation  of  hypocotjl  and  cotyledon, 
traced  on  %'ertical  glass,  from  8.40  A.M.  to  10.45  P.M.  Movementa  ol 
bead  magnitied  about  26  times. 

Cyclamen  Persicnm  (Primulace©). — This  plant  is  generally  sup- 
posed to  produce  only  a  single  cotyledon,  but  Dr.  H.  Gressner  * 
has  shown  that  a  second  one  is  developed  after  a  long  interval 
of  time.  The  hypocotyl  is  converted  into  a  globular  corm,  even 
before  the  first  cotyledon  has  broken  through  the  ground  with  its 
blade  closely  enfolded  and  with  its  petiole  in  the  form  of  an  arch, 
like  the  arched  hjjxxiotyl  or  epicotyl  of  any  ordinary  dicotyle- 
donous plant.  A  glass  filament  was  affixed  to  a  cotyledon,  '55 
of  an  inch  in  height,  the  petiole  of  which  had  straightened  itself 
and  stood  nearly  vertical,  but  with  the  blade  not  as  yet  fully 
expanded.     Its  movements  were  traced  during  24 i  h.  on  a 

horizontal  glass,  magnified  50 


Fig.  34. 


Stipcti't  sarpcthm:    circumnutation 
of    hypocotyl,   illuiniuated    from 


times ;  and  in  this  interval  it 
described  two  irregular  small 
circles;  it  therefore  circum nu- 
tates, though  on  an  extremely 
small  scale. 

Sfaptlia     sarpedon     (Ascle- 
piadea)).  —  This  plant,  when 


above,  traced  on  horizontal  glass,    mature,  resembles   a    cactus. 
from6.45A.M.  June  26th  to  8.45    The    flattened     hypocotyl    is 

A.M.    28th.       Temp.    23°-24^  C.     o     i  ,  j    •      xu 

Movement  of  bead  magnified  21    A^^'^y*  enlarged  m  the  upper 
times  part,  and  bears  two  rudimen- 

tary cotyledons.  It  breaks 
through  the  ground  in  an  arched  form,  with  the  rudimentary 
ootyledons  closed  or  in  contact.    A  filament  was  affixed  almost 


♦  'Bot  Zeitung/  1874,  p.  837. 
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vertically  to  the  hypocotyl  of  a  seedling  half  an  inch  high ;  and 
its  movements  were  traced  during  50  h.  on  a  horizontal  glass 
(Fig.  34).  From  some  unknown  cause  it  bowed  itself  to  one 
side,  an  1  as  this  was  efifected  by  a  zigzag  course,  it  probably 
circum nutated ;  but  with  hardly  any  other  seedling  observeil 
by  us  was  this  movement  so  ol)6Curely  shown. 

Jpomcea  ccerulea  vel  Pharbitis  nil  (Convolvulacero). — Seedlings 
of  this  plant  were  observed  because  it  is  a  twiner,  the  upper 
intemodes  of  which  circnmnutate  conspicuously;  but,  like 
other  twining  plants,  the  first  few  intemodes  which  rise  above 
the  ground  are  stiff  enough  to  support  themselves,  and  therefore 
do  not  circnmnutate  in  any  plainly  recognisable  maimer.*  In 
this  particular  instance  the  fifth  internode  (including  the  hypo- 
cotyl) was  the  first  which  plainly  circumnutated  and  twined 
round  a  stick.  We  therefore  wished  to  learn  whether  circum- 
nutation  could  be  observed  in  the  hypocotyl  if  carefully  observed 
in  our  usual  manner.  Two  seedlings  were  kept  in  the  dark 
with  filaments  fixed  to  the  upper  part  of  their  hypocotyls ;  but 
from  circumstances  not  worth  explaining  their  movements  were 
traced  for  only  a  short  time.  One  moved  thrice  forwards  and 
twic€  l>ackwards  in  nearly  opposite  directions,  in  the  course  of 
3  h.  15  m. ;  and  the  other  twice  forwards  and  twice  backwards 
in  2h.  22  m.  The  hypocotyl  therefore  circunmutated  at  a  re- 
markably rapid  rate.  It  may  here  be  added  that  a  filament  was 
affixed  transversely  to  the  smnmit  of  the  second  intemi>de  above 
the  cotyledons  of  a  little  plant  3}  inches  in  height;  and  its 
movements  were  traced  on  a  horizontal  glass.  It  circumnutated, 
and  the  actual  distance  travelled  from  ^ide  to  side  was  a  quarter 
of  an  inch,  which  was  too  small  an  amount  to  be  perceived  with- 
out the  aid  of  marks. 

The  movements  of  the  cotyledons  are  interesting  from  their 
complexity  and  rapidity,  and  in  some  other  resi^ects.  The 
hypocotyl  (2  inches  high)  of  a  vigorous  seedling  was  secured  to  a 
stick,  and  a  filament  with  triangles  of  paper  was  aflixed  to  one 
of  the  cotyledons.  The  plant  was  kept  all  day  in  the  hot-house, 
and  at  4.20  p.m.  (June  20th)  was  placed  under  a  skylight  in 
the  house,  and  observed  occasionally  during  the  evening  and 
night.  It  fell  in  a  slightly  zigzag  line  to  a  moderate  extent 
from  420  p.m.  till  10 15  p.m.  When  looked  at  shortly  after  mid- 
night (12.30  P  M.)  it  had  risen  a  very  little,  and  considerably  by 


•  •Movemcuta  and  Habita  of  Climbing'  Plants/  p.  33,  1S75. 
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Wlien  again  looked  at,  at  6.10  a.m.  (21st),  it  had 


Fig.  35. 


fallen  lai^cly.  A  new  tracing 
was  now  beRun  (seo  Fig.  35), 
and  soon  aftcrwartlG,  nt  6.42 
A.M.,  the  cotyledon  liod  risen  a 
little.  During  the  forenoon  it 
was  ol»crvcd  about  every 
hour ;  but  between  12.30  and 
G  P.M.  every  hnlf-hour.  If  the 
observations  had  been  made  at 
these  short  intervals  during  the 
whole  day,  the  figure  would 
have  been  too  intricate  to  have 
been  copied.  As  it  was,  the 
cotyledon  moved  up  and  down 
in  the  course  of  16  b.  20  m.  (i  e. 
between  G.IO  a.m.  and  10.30 
P.M.)  thiiteen  tjmea. 

The  cotyledons  of  this  seed- 
ling sank  downwards  during 
both  evenings  and  the  early 
part  of  the  night,  but  rose 
during  the  latter  part.  As  this 
is  an  annsual  movement,  the 
^  cotyledons  of  twelve  other  seed- 
lings were  observed ;  they  stood 
almost  or  quite  horizontally  at 
mid-day,  and  at  10  p.m.  were 
all  declined  at  various  angles. 
The  most  usual  angle  was  be~ 
tween  30"  and  35°;  but  three 
stood  at  about  50°  and  one  at 
even  70°  beneath  the  horizon. 
The  blades  of  aU  these  cotyle- 
dons had  attained  almost  their 
full  size,  viz.  from  1  to  U  inches 
»  of  in  length,  measured  along  their 
''  8'"^    midriba.     It  is  a  remarkablo 

.M.aand.  Cotyledon  with  ^tiola    fact   that  whilst  young— that 
3  inch  Id  langth,  ip«i  of  blade    is,  when  less  than  half  an  inch 

■1  inch  from  Ihevfrtical  gl-u;    jjj   length,    measured    in   the 
F..  •  nun-         lemnnnor— theydonotsinlr 
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downwards  in  the  eveniuE.  Therefore  tlieir  weii;ht,  which  is 
considerable  when  almost  fully  developed,  probably  came  into 
play  in  ori(;inally  dutemiiniiig  the  downward  movement.  Tlic 
periodJcity  of  this  movement  is  much  ioflueticcd  by  the  de(;reo 
of  light  to  which  the  seedlings  have  been  exposed  during  the 
day;  for  three  kept  in  an  obscure  place  began  to  sii-k  aliout 
Doon,  instead  of  late  in  the  evening ;  and  those  of  another  seed- 
ling were  almost  pBralysed  by  having  been  similarly  kept  during 
two  whole  days.  The  cotyledons  of  several  other  species  lit 
Ipomcea  likewise  sink  downwards  late  in  the  evening. 

Cerinthe    major   (Boragincffi). — The  circum nutation    of  the 
Botjl  of  a,   young  seedling  with  the  eotjlodona  hardly 

Fig.  3fi. 


ibrMt*  toajor:  drcumnutalj 
■nmmit,  illarnjnalcd   froi 
9-26  *.*.  to  9.53  P.M.  on  ijtv.  i.o-.a. 
30  time*,  her«  ceducad  to  oDi-third  ol 


lamfiit  filed  II cro«  iti 
•rizonlal  gUu,  from 
if  Iba  baad  magailied 


■wxpanded,  is  shown  in  the  tuineied  figure  (Fig.  36),  which 

^kl^Mrentl 7  represents  four  or  lire  irregular  ellipses,  described 

'  tn  the  course  of  a  little  over  12  hours.    Two  oldi'p  seedlinps 

were  eimilarly  observed,  excepting  that  one  of  them  was  kept 

in  the  dark ;  their  hypocotyls  also  circum nutated,  but  in  a  moro 

•imiile  manner.    The  cotyledons  on  a  seodh'ng  ciposed  to  the 

1  light  fell  from  the  early  morning  until  a  little  offer  noon,  and 

R  continued  to  rise  until  10.30  ph.  or  later.    The  cotyledons 

,his  same  seedling  acl«d  in  the  same  general  manner  during 

B  two  following  days.    It  had  previously  been  tried  in  the 

rk,  and  after  being  thus  kept  for  only  I  h.  40m.  the  cotyledons 

gnu  at  4.30  p.m.  to  sink,  instead  of  continuing  to  rise  till  lata 

It  night. 


50  CIRCUMNUTATION  OP  SEEDLINGS.         Chap.  I 

Nolana  prostrata  (NolanesB).  —  The  movements  were  not 
traced,  but  a  pot  with  seedh'ngs,  which  had  been  kept  in  the 
dark  for  an  hour,  was  placed  under  the  microscope,  with  the 
micrometer  eye-piece  so  adjusted  that  each  division  equalled 
s^ih  of  an  inch.  The  apex  of  one  of  the  cotyledons  crossed 
rather  obliquely  four  divisions  in  13  minutes ;  it  was  also  sink- 
ing, as  shown  by  getting  out  of  focus.  The  seedlings  were 
again  placed  in  darkness  for  another  hour,  and  the  apex  now 
crossed  two  divisions  in  6  m.  18  s.;  that  is,  at  very  nearly  the 
same  rate  as  before.  After  another  interval  of  an  hour  in  dark- 
ness, it  crossed  two  divisions  in  4  m.  15  s.,  there- 
Rg.  37.  fore  at  a  quicker  rate.  In  the  afternoon,  after  a 
longer  interval  in  the  dark,  the  apex  was  motion- 
less, but  after  a  time  it  recommenced  moving, 
though  slowly ;  perhaps  the  room  was  too  cold. 
Judging  from  previous  cases,  there  can  hardly 
be  a  doubt  that  this  seedling  was  circumnuta- 
ting. 

Solanum  hjcopernicum  (SolanesB) — The  move- 
ments of  the  hypocotyls  of  two  seedling   to- 
Sdmum  lycoper-  matoes  were  observed  during  seven  hours,  and 
sicum:  circuni-  there  could  be  no  doubt  that  both  circumnu- 
nutation  of^hy^-  ^^^^     ^hgy  ^^^^  illuminated  from  above,  but 

tilamen't    fixed   ^^  ^^  accidont  a  little  light  entered  on  one  side, 

across  its  sum-  and  in  the  accomi)anying  figure  (Fig.  37)  it 

mit,  traced  on  j^ay  be  seen  that  the  hypocotyl  moved  to  this 

frT^ToA  M*^  gjjg  ^^j^Q  upper  one  in  the  figure),  making  small 

6  P.M.  Oct.  24th.  loops  and  zigzagging  in  its  course.    The  move- 

Illuininaud  ob-  ments  of  tlio  cotyledons  were  also  traced  both 

liquely  from  ^^^  vertical  and  horizontal  glasses ;  their  angles 
above.       Alove-       -ii     .i       v      •  i-i        •  j      j. 

ment  of  bead  ^^^^  *"®  horizon  were  likewise  measured  at 
magnified  about  various  hours.  They  fell  from  8  30  a.m.  (October 
35  times,  here   17th)  to  about  noon ;  then  moved  laterally  in  a 

Jhirdof  orig!oS    Z^e^^g  ^i°^>  *"^  ^^  ^^^^^  ^  ^•*'-  ^g^°  ^  '^««J 

5cale.  they  continued  to  do  so  until  10.30  p.m.,  by 

which  hour  they  stood  vertically  and  were  asleep. 
At  what  hour  of  the  night  or  early  morning  they  began  to  fall 
was  not  ascertained.  Owing  to  the  lateral  movement  shortly 
after  mid-day,  the  descending  and  ascending  lines  did  not 
coincide,  and  iiTegular  ellipses  were  described  during  each  24  h. 
The  regular  periodicity  of  these  movements  is  destroyed,  as  we 
shall  hereafter  see,  if  Uio  seedlings  are  kept  in  the  dark. 


KjOAT.  I. 
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Soianum  palinacanthum. — Several  arched  hypocotyls  rising 
nearly  '2  of  an  inch  above  the  ground,  but  with  the  cotyledons 
still  buried  beneath  the  surface,  were  observed,  and  the  tracings 
showed  that  they  circumnutated.  Moreover,  in  several  cases 
little  open  circular  spaces  or  cracks  in  the  argillaceous  sand 
which  surrounded  the  arched  hypocotyls  were  visible,  and 
these  appeared  to  have  been  made  by  the  hypocotyls  having 
bent  first  to  one  and  then  to  another  side  whilst  growing  up- 
wards. In  two  instances  the  vertical  arches  were  observed  to 
move  to  a  considerable  distance  backwards  from  the  point  where 
the  cotyledons  lay  buried;  this  movement,  which  has  been 
noticed  in  some  other  cases,  and  which  seems  to  aid  in  extracting 
the  cotyledons  from  the  buried  seed-coats,  is  due  to  the  com- 
mencement of  the  straightening  of  the  hypocotyl.  In  order  to 
prevent  this  latter  movement,  the  two  legs  of  an  arch,  the 


Fig.  38. 


Soianum  pahnacanthum :  circumnutation  of  an  arched  hypocotyl,  just 
emerging  from  the  ground,  with  the  two  legs  tied  together,  traced  in 
darkness  on  a  horizontal  glass,  from  9.20  A.M.  Dec.  17th  to  8.30  A.M. 
19th.  Movement  of  bead  magnified  13  times;  but  the  filament,  which 
was  affixed  obliquely  to  the  crown  of  the  arch,  was  of  unusual  length. 

summit  of  which  was  on  a  level  with  the  surface  of  the  soil, 
were  tied  together ;  the  earth  having  been  previously  removed 
to  a  little  depth  all  round.  The  movement  of  the  arch  during 
4.7  hours  under  these  unnatural  circumstances  is  exhibited 
in  the  annexed  figure. 

The  cotyledons  of  some  seedlings  in  the  hot-house  were  hori- 
zontal about  noon  on  December  13th;  and  at  10  p.m.  had  risen 
to  an  angle  of  27°  above  the  horizon ;  at  7  a.m.  on  the  following 
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Fig.  39. 


moming,  before  it  was  light,  they  had  risen  to  69**  above  the 

horizon;  in  the  afternoon  of  the  same  day  they  were  found 

again  horizontal. 
Beta  vulgaris  (Chenopodeae). — The  seedlings  are  excessively 

sensitive  to  light,  so   that  although  on   the  first  day  they 

were  uncovered  only  during  two  or  three 
minutes  at  each  observation,  they  all  moved 
steadily  towards  the  side  of  the  room 
whence  the  light  proceeded,  and  the  trac- 
ings consisted  only  of  slightly  zigzag  lines 
directed  towards  the  light.  On  the  next 
day  the  plants  were  placed  in  a  completely 
darkened  room,  and  at  each  observation 
were  illuminated  as  much  as  possible  from 
vertically  above  by  a  small  wax  taper.  The 
annexed  figure  (Fig.  39)  shows  the  move- 
ment of  the  hypocotyl  during  9  h.  under 
these  circumstances.     A  second  seedling 

Beta  ru'garut :  circwm-    was  similarly  observed  at  the  same  time, 
""♦^i^*''°*i!'fii  ^^'*'':    and  the  tracing  had  the  same  peculiar 

cotyl,  with  nlaraent       .  .        ••       ,     ,i      ,  .    ,     ... 

obliquely  a-  character,  due  to  the  hypocotyl  often  mov- 
ing and  returning  in  nearly  parallel  lines. 
The  movement  of  a  third  hypocotyl  differed 
greatly. 

We  endeavoured  to  trace  the  movements 
of  the  cotyledons,  and  for  this  purpose 
some  seedlings  were  kept  in  the  dark,  but 
they  moved  in  an  abnormal  manner ;  they 
continued  rising  from  8.45  a.m.  to  2  p.m., 
then  moved  laterally,  and  from  3  to  6  p.m. 
descended;  whereas  cotyledons  which  have  been  exposed  all 
the  day  to  the  light  rise  in  the  evening  so  as  to  stand  verti- 
cally at  night;  but  this  statement  applies  only  to  young 
seedlings.  For  instance,  six  seedlings  in  the  greenhouse  had 
their  cotyledons  partially  open  for  the  first  time  on  the  morning 
of  November  15th,  and  at  8.45  p.m.  all  were  completely  closed, 
BO  that  they  might  properly  be  said  to  be  asleep.  Again,  on  the 
morning  of  November  27th,  the  cotyledons  of  four  other  seedlings, 
which  were  surrounded  by  a  collar  of  brown  paper  so  that  they 
received  light  only  from  above,  were  open  to  the  extent  of 
89®;  at  10  p.m.  they  were  completely  closed;  next  morning 
(November  28th)  at  6.45  a  m.,  whilst 't  was  still  dark,  two  of  them 


lixed  oDiiquejy  a- 
cross  its  summit, 
traced  in  darkness 
OB  horizontal  gla.ss, 
from  8.25  a.m.  to 
5.30  P.M.  Nov.  4th. 
Moremont  of  bead 
magnified  23  time;}, 
here  reduced  to  one- 
third  of  origiuiil 
scale. 


CteAF-  L  ElCIXrS    AXD   guERcrsL  53 

were  partiftllT  often  aihi  mil  opeo^d  in  tho  o\>Tirs^^  of  t}hMWv>rnm<r; 
bet  at  lOiD  fjl  aU  fonr  v^nol  to  mention  nin^»  othors  which 
hjMi  been  open  in  the  morning  and  six  others  on  another  o^mi- 
aon)  were  again  cotnpletelT  ckis^.  On  the  mc^rning  of  th« 
29th  they  were  open,  bat  at  night  only  one  of  the  ftnir  ww 
cloeed,  and  this  only  partially;  the  three  others  ha*i  their 
cotyledons  mnch  more  rais^  than  during  the  d*y,  i'^n  the 
night  oi  the  30th  the  cotyledons  of  the  four  were  only  slightly 
raised. 

Ricinus  Borh*uif»sis  (Euphorbiaoeje). -  Seecls  were  pureh*»i\i 
imder  the  abore  name — preliably  a  variety  of  the  i\»iuinv^n  castor- 
oil  plant  As  soon  as  an  arehed  hypoci>tyl  ha^i  risen  clear  alx^ve 
the  ground,  a  filament  was  attached  to  the  upi»r  log  beciriiig  the 
cotyledons  which  were  still  buried  beneath  the  sxirface,  and  the 
movement  of  the  bead  was  traced  on  a  horizontal  glass  during 
a  period  of  34  h.  The  lines  traced  were  strongly  Eigr^g,  and 
as  the  bead  twice  returned  nearly  jvirallel  to  its  former  ci>ui^» 
in  two  different  directions,  there  could  lio  no  doubt  that  the 
arched  hypocotyl  cireumnutated.  At  the  cla<e  of  the  34  h. 
the  upper  part  began  to  rise  and  straighten  itsi^lf,  drrtjrging  the 
cotyledons  out  of  the  ground,  so  that  the  movomonts  of  the 
bead  could  no  longer  be  traced  on  the  ghiss, 

Quercus  (American  sp.)  (Cupulifora?). — Ac*orns  of  rtu  Aniorioan 
oak  which  had  germinated  at  Kew  wore  j>luntod  in  a  jM)t  in 
the  greenhouse.  This  transplantation  checked  thoir  growth; 
but  after  a  time  one  grew  to  a  height  of  five  inches, 
measured  to  the  tips  of  the  small  partially  unfoldo<l  loaves  on 
the  summit,  and  now  looked  vigorous.  It  consiKtod  of  six 
very  thin  intemodes  of  unequal  lengths.  Considering  tluso 
circumstances  and  the  nature  of  the  plant,  we  hartily  cx|XH*.tod 
that  it  would  circ.umnutate ;  but  the  annexed  figure  (Fig.  40) 
shows  that  it  did  so  in  a  conspicuous  manner,  changing  \\a 
course  many  times  and  travelling  in  all  directions  during  the 
48  h.  of  observation.  The  figure  seems  to  roprosont  6  or  0 
irregular  ovals  or  ellipses.  The  actual  amount  of  movomont 
from  side  to  side  (excluding  one  great  bond  to  the  loft)  was 
about  '2  of  an  inch ;  but  this  was  difficult  to  ostiniate,  as  owing 
to  the  rapid  growth  of  the  stem,  the  attached  filament  was 
ranch  further  from  the  mark  beneath  at  the  close  than  at  the 
commencement  of  the  observations.  It  deserves  notice  that  the 
pot  was  placed  in  a  north-east  room  within  a  deep  box,  the  top 
of  which  was  not  at  first  covered  up,  so  that  the  inside  facing 
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tho  windows  was  a  little  more  illuminated  than  the  op|X)site 
side;  and  during  tho  first  morning  tho  stem  travelled  to  a 
greater  distance  in  this  direction  (to  the  left  in  the  figure)  than 
it  did  afterwards  when  the  box  was  completely  protected  fron) 
light 

Fig.  40. 


Quercus  (American  sp.*) :  circumnutation  of  young  stem,  traced  on  hori- 
rontal  glass,  from  12.50  P.M.  Feb.  22nd  to  12.50  p.m.  24th.  Movement 
of  bead  gieatlj  magnified  at  first,  but  blightly  towards  the  close  of  the 
observations — about  10  times  on  an  average. 

QiieraiH  rubur. — Observations  were  made  only  on  the  move- 
ments of  the  radicles  from  germinating  acorns,  which  were  allowed 
to  grow  downwards  in  the  manner  previously  described,  over 
plates  of  smoked  glass,  inclined  at  angles  between  65°  and  69° 
to  the  horizon.  In  four  cases  the  tracks  left  were  almost  straight, 
but  the  tips  had  pressed  sometimes  with  more  and  sometimes 
with  less  force  on  the  glass,  as  shown  by  the  varying  thickness 
of  the  tracks  and  by  little  bridges  of  soot  left  across  them. 
In  the  fifth  case  the  track  was  slightly  serpentine,  that  is,  the 
tip  had  moved  a  little  from  side  to  side.  In  the  sixth  case 
(Fig.  41,  A)  it  was  plainly  serpentine,  and  the  tip  had  pressed 
almost  equably  on  the  glass  in  its  whole  course.  In  the  seventh 
case  (B)  the  tip  had  moved  both  laterally  and  had  pressed 
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alternately  with  unequal  force  on  the  glass;  so  that  it  had 
moved  a  little  in  two  planes  at  right  angles  to  one  another.  In 
the  eighth  and  last  case  (C)  it  had  moved  very  little  laterally, 
hut  had  alternately  left  the  glass  and  come  into  contact  with  it 
again.  There  can  be  no  doubt  that  in  the  last  four  cases  the 
ladicle  of  the  oak  circumnutated  whilst  growing  downwards 

F.g.  41. 


B  C 

Q'*.'r«t«  mfmr :  tracks  left  on  inclined  smoked  i^tass-plates  by  ti|»a  of 
rndicles  in  fi:rowing  downwards.  Plates  A  and  C  inclined  at  05°  and 
plate  B  at  68°  to  the  horizon. 

Corylus  avdlana  (CorylacesB).— The  epicotyl  breaks  through 
the  ground  in  an  arched  form ;  but  in  the  specimen  which  was 
first  examined,  the  apex  had  become  decayed,  and  the  epicotyl 
grew  to  some  distance  through  the  soil,  in  a  tortuous,  almost 
^orizontal  direction,  like  a  root.  In  consequence  of  this  injury 
it  had  emitted  near  the  hypogean  cotyledons  two  secondary 
shoots,  and  it  was  remarkable  that  both  of  these  were  arched, 
like  the  normal  epicotyl  in  ordinary  cases.  The  soil  was  removed 
from  around  one  of  these  arched  secondary  shoots,  and  a  glass 
filament  was  affixed  to  the  basal  leg.  The  whole  was  kejH 
damp  beneath  a  metal-box  with  a  glass  lid,  and  was  thus  illumi- 
nated only  from  above.  Owing  apparently  to  the  lateral  pressure 
of  the  earth  being  removed,  the  terminal  and  Ik)  wed-down  part 
of  the  shoot  began  at  once  to  move  upwards,  so  that  aft<)r 
24  h.  it  formed  a  right  angle  with  the  lower  part.  This  lower 
part,  to  which  the  filament  was  attached,  also  straightened 
itself,  and  moved  a  little  backwards  from  the  ui)per  part.  Ck)n- 
Bequently  a  long  line  was  traced  on  the  horizontal  glass;  and 
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Fig.  42. 


this  was   in  parts  straight  and  in  parts  decidedly  zigzags 
indicatlDg  circumnutation. 

On  the  following  day  the  other  secondary  shoot  was  obserred; 
it  was  a  little  more  advanced  in  age,  for  the  upper  part,  instead 

of  depending  vertically  downwards, 
stood  at  an  angle  of  45°  above  the 
horizon.    The  tip  of  the  shoot  pro- 
jected obliquely  '4  of  an  inch  above 
the  ground,  but  by  the  close  of  our 
observations,  which  lasted  47  h.,  it 
had  grown,  chiefly  towards  its  base^ 
to  a  height  of  '85  of  an  inch.    The 
filament  was  fixed  transversely  to 
the  basal  and  almost  upright  half 
of  the  shoot,  close  beneath  the  lowest 
scale-like  appendage.    The  circum- 
nutating  course  pursued  is  shown 
Coryltu  aveaana:  circumnuU-    in   the  accompanying  figure  (Fig. 
tion  of  a  young  shoot  emitted    42).    The  actual  distance  traversed 
from  the  epicotyl,  the  apex     f^^  g^jg  ^  gj^^  ^^g  ^bout   '04  of 
of  which  had  been  injured,  .     , 

traced  on  a  horizontal  giajs,     ^^  inch. 

from  9  A.M.  Feb.  2nd  to  8  Finus  pinasttr  (CJoniferffi).  —  A 
A.M.  4th.  Movement  oi  young  hypocotyl,  with  the  tips 
bead^  magnified   about   27    ^^   ^^^   cotyledons    still   enclosed 

within  the  seed-coats,  was  at  first 
only  '35  of  an  inch  in  height;  but  the  upper  part  grew  so 
rapdly  that  at  the  end  of  our  observations  it  was  *6  in  height, 


\ 


INfim  jAnasttr :  circumnuution  of  hypocotyl,  with  filament  fixed  acrosaitt 
summit,  traced  on  horizontal  glass,  from  10  a.m.  March  21st  to  9  A.M. 
23rd.  Seedling  kept  in  darkness.  Movement  of  bead  magnified  aboo* 
85  times. 
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and  by  this  time  the  filament  was  attached  some  way  down  the 
little  stem.  From  some  unknown  cause,  the  liypocotyl  moved 
for  towards  the  left,  but  there  could  be  no  doubt  (Fig.  43)  that 
it  circumnutated.  Another  hypocotyl  was  similarly  observed, 
and  it  likewise  movtd  in  a  strongly  zigzag  line  to  the  same  side. 
This  lateral  movement  was  not  caused  by  the  attachment  of 
the  glass  filaments,  ni»r  by  the  action  of  light;  for  no  light  was 
allowed  to  enU  r  when  each  observation  was  made,  except  from 
vertically  above. 

The  hypocotyl  of  a  seedling  was  secured  to  a  little  stick ;  it 
bore  nine  in  appearance  distinct  cotyledons,  arranged  in  a  circle. 
The  movements  of  two  nearly  opposite  ones  were  observed.  The 
tip  of  one  was  painted  white,  with  a  mark  placed  below,  and  the 
figure  described  (Fig.  44,  A)  shows  that  it  made  an  irregular 

Fig.  44. 


rimu  pinaster:  circtimnntation  of  two  opposite  cotjiedonf,  traced  on 
horizontal  glass  in  darkness,  from  8.45  ▲.!!.  to  8.35  P.M.  Nor.  25th. 
Movement  of  tip  in  A  nugnified  about  22  times,  here  reduced  to  one- 
half  of  original  scale. 

eircle  in  the  course  of  al)Out  8  h.  During  the  niglit  it 
travelled  to  a  considerable  distance  in  the  direction  indicated 
by  the  broken  line.  A  glass  filament  was  attached  longitu- 
dinally to  the  other  cotyledon,  and  this  nearly  completed 
TFig.  44,  B)  an  irregular  circular  figure  in  about  Vl  hours. 
During  the  night  it  also  moved  to  a  considerable  distance,  in 
the  direction  indicated  by  the  broken  line.  The  cotyledons 
therefore  circumnutate  independently  of  the  movement  of  the 
hypocotyL  Although  they  moved  much  during  the  night,  they 
did  not  approach  each  other  so  as  to  stand  more  vertically  than 
donng  the  day. 
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Cycas  -pecthiafn  (Cycadcre). — The  large  seeds  of  this  plant  in 
germinating  first  protrude  a  single  leaf,  which  breaks  through 
the  ground  with  the  petiole  bowed  into  an  arch  aod  with  the 
leaflets  involuted.  A  leaf  in  tliis  condition,  which  at  the  close 
of  our  observations  was  2]  inches  in  height,  had  its  movements 
traced  in  a  warm  greenhouse  by  means  of  a  gloss  filament 
bearing  paper  triangles  attached  across  its  tip.  The  tracing 
(Fig.  45)  si.ows  how  large,  complex,  and  rapid  were  the  circum* 


Fig.  45. 


Ot/oas  peotinata  :  circumnntation  of  young  leaf  whilst  emerging  from  the 
gruuod,  feebly  illuminated  from  above,  traced  on  vertical  glass,  from 
5  P.M.  May  28th  to  11  A.M.  81st.  Movement  magnified  7  times,  here 
reduced  to  two-thirds  of  original  scale. 

nutating  movements.  The  extreme  distance  from  side  to  side 
which  it  passed  over  amounted  to  between  '6  and  '1  of  an 
inch. 

Cahiia  Warsceioiczii  (Cannaccfc).— A  seedling  with  the  plu- 
mule projecting  one  inch  al)ove  the  ground  was  ol)served,  but 
not  under  fair  conditions,  as  it  was  bi-ought  out  of  the  hot- 
house and  kept  in  a  room  not  sufficiently  warm.  Nevertheless 
the  tracing  (Fig.  46)  shows  that  it  made  two  or  three  incom- 
plete irregular  circles  or  ellipses  in  the  course  of  48  hours.  The 
plumule  is  stmight ;  and  this  was  the  first  instance  observed 
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by  us  of  the  part  that  first  breaks  through   the  ground  not 
being  arched. 

Fig  46. 


Comma  Wartcetrtczii :  circumnutation  of  plumule  with  filament  affixed 
obliquely  to  outer  sheath-like  leaf,  traced  in  darkueaa  onhorizontal  glnas 
from  8.45  a.m.  Nov.  9th  tuS.lO  A.M.  Uth.  Movemeut  of  bead  mag- 
niHed  6  times. 

Allium  cepfi  (Liliaccie).—  Tlie  narrow  green  leaf,  which  pro- 
trudes from  the  seed  of  the  common  onion  as  a  cotylcilou,* 
breaks  through  the  ground  in  the  form  of  an  arch,  in  the  same 
manner  as  the  hypocotyl  or  epicotyl  of  a  dicotyledonous  plant. 
Long  after  the  arch  has  risen  alx)ve  the  surface  the  apex 
remains  within  the  seed-coats,  evidently  absorbing  the  still 
abundant  contents.  The  summit  or  cn>wn  of  the  arch,  wlien 
it  first  protrudes  from  the  seed  and  is  still  buried  beneath  tlie 
ground,  is  simply  rounded;  but  before  it  reaches  the  surface 
it  is  developed  into  a  conical  protuberance  of  a  white  colour 
(owing  to  the  absence  of  cldorophyll),  whilst  the  adjoining  parts 
are  green),  with  the  epidermis  apparently  rather  thicker  and 
tougher  than  elsewhere.  We  may  therefore  comlude  that  this 
conical  protuberance  is  a  special  adaptation  for  breaking  through 
the  ground,t  and  answers  the  same  end  as  the  knife-like  white 
crest  on  the  sunmiit  of  the  straight  cotyledon  of  the  Graminea). 


*  This  is  the  expression  uscil 
by  SmcIis  iu  his  'Text-book  of 
Botany.' 

t  Haberlandt  lias    briefly   de- 

"  ft 

toribed  (*  Die  ScliutzcinriclituD> 
gen  .  . .  KeimpfluDze,'  1877,  p.  77) 
this  curious  structure    and    tlie 


purpose  which  it  subserves.  He 
btates  that  gfK>d  figures  of  the 
cotyledon  of  the  onion  liave  Ijeon 
given  by  Tiltmann  and  by  Saciis 
iu  hi»*Experiiueutal  Physiologie/ 
p.  93. 
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Fig.  47. 


After  a  time  the  apex  is  drawn  out  of  the  empty  seed-coats, 
and  rises  up,  forming  a  right  angle,  or  more  commonly  a  still 
larger  angle  with  the  lower  part,  and  occasionally  the  whole 
becomes  nearly  straight.  The  conical  protuberance,  wliich 
originally  formed  the  crown  of  the  arch,  is  now  seated  on  one 
side,  and  appears  like  a  joint  or  knee,  which  from  acquiring 
chlorophyll  becomes  green,  and  increases  in  size.  In  rarely  or 
never  becoming  perfectly  straight,  these  cotyledons  differ  remai'k- 
ably  from  the  ultimate  condition  of  the  arched  hypocotyls  or 
epicotyls  of  dicotyledons.  It  is,  also,  a  singular  circumstance 
that  the  attenuated  extremity  of  the  upper  bent  portion 
invariably  withers  and  dies. 

A  filament,  1*7  inch  in  length,  was  affixed  nearly  upright 
beneath  the  knee    to  the  basal   and   vertical    portion  of  a 

cotyledon;  and  its  movements  were 
traced  during  14  h.  in  the  usual  manner. 
The  tracing  here  given  (Fig.  47)  indi- 
cates circumnutation.  The  movement  of 
the  upper  part  above  the  knee  of  the  same 
cotyledon,  which  projected  at  about  an 
angle  of  45°  above  the  horizon,  was 
observed  at  the  same  time.  A  filament 
was  not  affixed  to  it,  but  a  mark  was 
placed  beneath  the  apex,  which  was 
almost  white  from  beginning  to  wither, 
and  its  movehients  were  thus  traced.  The 
figure  described  resembled  pretty  closely 
that  above  given ;  and  this  shows  that  the 
chief  seat  of  movement  is  in  the  lower  or 
horizontal  glass,  from  basal  part  of  the  cotyledon. 
8.15  A.M.  to  10  P.M.  Af^piragiis  officinaHs  (Asparage»). — 
(>ct.  31st    Movement    rpj^^,  ^j   ^^  ^  straight  plumule  or  cotyledon 

of     bead      magnihed  *^  J*  i  •  u     a     i.      u  u 

about  17  times.  (for  we  do  not  know  which  it  should  be 

called)  was  found  at  a  depth  of  *!  inch 
beneath  the  surface,  and  the  earth  was  then  removed  all  round 
to  the  depth  of  '3  inch.  A  glass  filament  was  affixed  obliquely  to 
it,  and  the  movement  of  tlie  bead,  magnified  17  times,  was  traced 
in  darkness.  During  the  first  Ih.  15  m.  the  plumule  moved  to 
the  right,  and  during  the  next  two  hours  it  retumeil  in  a  roughly 
pturallel  but  strongly  zigzag  course.  From  some  unknown  cause 
it  had  grown  up  through  the  soil  in  an  inclined  direction,  and 
now  through  apogeotropism  it  moved  during  nearly  24  h.  in 


Atfiwncept:  circumnu- 
tation of  basal  half 
of  arched  cotyledon, 
traced  in  darkness  on 
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the  same  general  direction,  but  in  a  slightly  zigzag  manner, 
nntil  it  became  upright.  On  the  following  morning  it  changed 
its  course  completely.  There  can  therefore  hardly  be  a  doubt 
that  the  plumule  circumnutates,  whilst  buried  beneath  the 
ground,  as  much  as  the  pressure  of  the  surrounding  earth  will 
permit.  The  surface  of  the  soil  in  the  pot  was  now  covered  with 
a  thin  layer  of  very  fine  argillaceous  sand,  which  was  kept  damp; 
and  after  the  tapering  seedlings  had  grown  a  few  tenths  of 
an  inch  in  height,  each  was  found  surrounded  by  a  little  open 
8i>ace  or  circular  crack ;  and  this  could  be  accounted  for  only  by 
their  haying  circumnutated  and  thus  pushed  away  the  sand  on 
all  sides ;  for  there  was  no  vestige  of  a  crack  in  any  other  part 
In  order  to  prove  that  there  was  circamnntation,  the  move- 
Fig.  4S 


A.  B. 

A^Xiragus  officinalis  :  circumnutation  of  plumules  with  tips  whitened  and 
marks  placed  beneath,  traced  on  a  norizontal  glnss.  A,  young  plumule ; 
movement  traced  from  8.30  a.m.  Nov.  30th  to  7.15  a.m.  next  morning ; 
magnified  about  35  times.  B,  older  plumule  ;  movement  traced  from 
10.15  A.M.  to  8.10  P.M.  Not.  29th  ;  magnified  9  times,  but  here  reduced 
to  one-half  of  original  sca'.e. 

ments  of  five  seedlings,  varying  in  height  from  3  inch  to  2  inches, 
were  traced.  They  were  placed  within  a  box  and  illuminated 
from  above;  but  in  all  five  cases  the  longer  axes  of  the  figures 
described  were  directed  to  nearly  the  same  point ;  so  that  more 
light  seemed  to  have  come  through  the  glass  roof  of  the  green- 
house on  one  side  than  on  any  other.  All  five  tracings  re- 
sembled each  other  to  a  certain  extent,  and  it  will  suffice  to  give 
two  of  them.    In  A  (Fig.  48)  the  seedling  was  only  '45  of  an 
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inch  in  height,  and  consisted  of  a  single  internode  bearing  a 
bud  on  its  summit.  The  apex  described  between  8.30  a.m.  and 
10.20  P.M.  (i.e.  during  nearly  14  hours)  a  figure  which  would 
probably  have  consisted  of  3i  ellipses,  had  not  the  stem  been 
drawn  to  one  side  until  1  p.m.,  after  which  hour  it  moved  back- 
wards. On  the  following  morning  it  was  not  far  distant  from 
the  point  whence  it  had  first  started.  1'he  actual  amount  of 
movement  of  the  apex  from  side  to  side  was  very  small,  viz. 
about  -jiyth  of  an  inch.  The  seedling  of  which  the  movements 
are  shown  in  Fig.  48,  B,  was  If  inch  in  height,  and  consisted  of 
three  internodes  besides  the  bud  on  the  summit.  The  figure, 
which  was  described  during  10  h.,  apparently  represents  two 
irregular  and  unequal  ellipses  or  circles.  The  actual  amount  of 
movement  of  the  apex,  in  the  line  not  influencod  by  the  light,  was 
*11  of  an  inch,  and  in  that  thus  infiuenced  *37  of  an  inch.  With 
a  seedling  2  inches  in  height  it  was  obvious,  even  without  the 
aid  of  any  tracing,  that  the  uppermost  part  of  the  stem  bent 
snccessively  to  all  points  of  the  compass,  like  the  stem  of  a 
twining  plant.  A  little  increase  in  the  power  of  circumnutating 
and  in  the  flexibility  of  the  stem,  would  convert  the  common 
asparagus  into  a  twining  plant,  as  has  occurred  with  one  species 
in  this  genus,  namely,  A.  scandens. 

Phalaris  Canariensis  (Graminax*).  —  With  the  GramincfB  the 
part  which  first  rises  above  the  ground  has  been  called  by  some 
authors  the  pilcole;  and  various  views  have  been  expressed  on 
its  homological  nature.  It  is  considered  by  some  great  authori- 
ties to  be  a  cotjledoD,  which  term  we  will  use  without  venturing 
to  express  any  opinion  on  the  subject.*  It  consists  in  the 
present  case  of  a  slightly  flattened  reddish  sheath,  terminating 
upwards  in  a  sharp  white  edge;  it  encloses  a  true  green  leaf, 
whisih  protrudes  from  the  sheath  through  a  slit-like  orifice, 
close  beneath  and  at  right  angles  to  the  sharp  edge  on  the 
summit  The  sheath  is  not  arched  when  it  breaks  through  the 
gmund. 

The  movements  of  three  rather  old  seedlings,  about  1^  inch 
in  height,  shortly  before  the  protrusion  of  the  leaves,  were  first 
traced.  They  were  illuminated  exc'usively  from  at)Ove;  for,  as 
will  hereaftiT  be  shown,  they  are  exctssively  sensitive  to  the 


•  We  are  indebted  to  the  Rov.       this  subjt'ot,   together    with    t» 
G.  Hi'iislow  for  an  abstriict  of  tlio        fereiicea. 
views  which  have  been  held  on 
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Fig.  49 


mark  placed  below  the  npex, 
traced  on  a  horizontal  glaf«, 
from  8.35  a.m.  Nov.  2Hth  to 
8.45  a.m.  27th.  Movement  of 
apex  mag.aifi»d  7  times,  here 
reduced  to  one-half  scale. 


action  of  light;  and  if  any  enters  eycn  temporarily  on  one  side, 

they  merely  beod  to  this  side  in  slightly  zigzag  linos.    Of  the  three 

tracings  ooe  alone  (Fig.  49)  is  here  given.    Had  the  observations 

been  moie  frequent  duriog  the  12  h. 

two  oval  figures  would  have  been 

de8chl)ed  with  their  longer  axes  at 

right  aogles  to  one  another.    The 

actual  auiouLt  of  movement  of  the 

apex  from  side  to  side  was  about 

*3  of  an  inch.    The  figures  described 

by  the  other  two  seed  Hogs  resembled 

to  a  certain  extent  the  one   hero 

given. 

A  seedling  which  had  just  broken 
through  the  ground  and  projected  ^^.^^  ^^  ^  cotvledon,  with  a 
only  -j^th  of  an  inch  above  the 
surface,  was  next  observed  in  the 
same  manner  as  before.  It  was 
necessary  to  clear  away  the  earth 
all  round  the  seedling  to  a  little 
depth  in  order  to  place  a  mark 

lieneath  the  apex.  The  figure  (Fig.  50)  shows  that  the  apex 
moved  to  one  side,  but  changed  its  course  ten  times  in  the 
course  of  the  ten  hours  of  observa- 
tion ;  so  that  there  can  be  no  doubt 
alx>ut  its  circumnutation.  The 
cause  of  the  general  movement 
in  one  direction  could  hardly  be 
attributed  to  the  entrance  of 
lateral  light,  as  this  was  carefully 
guarded  against;  and  we  suppose 
it  was  in  some  manner  connected 
with  the  removal  of  the  earth 
round  the  little  seedling. 

Lastly,  the  soil  in  the  same  pot 
was  searched  with  the  aid  of  a 
lens,  and  the  white  knife-like  apex 
of  a  s<*edling  was  found  on  an  exact 
level  with  that  of  the  surrounding 
sur£Eice.  The  soil  was  removed  all  round  the  apex  to  the  depth 
of  a  quarter  of  an  inch,  the  seed  itself  remaining  covered.  The 
pot^  protect4!d  from  lateral  light,  was  placed  under  the  micro- 
4 


Fig.  50. 


Pli"la>'ia  Canariensis :  circumnu- 
tation of  a  very  young  coty- 
ledon, with  a  mark  placed 
below  the  apex,  traced  on  a 
horizontal  gluss,  from  11.37 
A.M.  to  9.30  P.M.  Dec.  13th. 
Movement  of  apex  greatly 
magnified,  here  rcdured  to 
one-for.rth  of  original  scale. 
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scope  with  a  micrometer  eye -piece,  so  arranged  that  each 
division  equalled  yj^th  of  an  inch.  After  an  interval  of  30  m. 
the  apex  was  observed,  and  it  was  seen  to  cross  a  little  obliquely 
two  divisions  of  the  mici-ometer  in  9  m.  15  s. ;  and  after  a  few 
minutes  it  crossed  the  same  space  in  8  m.  50  s.  The  seedling 
was  again  observed  after  an  intervalof  three-quarters  of  an  hour, 
and  now  the  apex  crossed  rather  obliquely  two  divisions  in  10  m. 
We  may  therefore  conclude  that  it  was  travelling  at  about  the 
rate  of  ^th  of  an  inch  in  45  minutes.  Wo  may  also  conclude 
from  these  and  the  previous  observations,  that  the  seedlings  of 
Phalaris  in  breaking  through  the  surface  of  the  soil  circum- 
nutate  as  much  as  the  surrounding  pressure  will  permit  This 
fact  accounts  (as  in  the  case  before  given  of  the  asparagus)  for 
a  circular,  narrow,  open  space  or  crack  being  distinctly  visible 
round  several  seedlings  which  had  risen  through  very  fine 
argillaceous  sand,  kept  uniformly  damp. 

Zea  mays  (Gramineae). — A  glass  filament  was  fixed  obliquely 

to  the  summit  of  a  cotyledon, 
Tig.  51.  rising  2  of  an  inch  above  the 

ground ;  but  by  the  third  morn- 
ing it  had  grown  to  exactly 
thrice  this  height,  so  that  the 
distance  of  the  bead  from  the 
mark  below  was  greatly  in- 
creased, consequently  the  trac- 
ing (Fig.  51)  was  much  more 
magnified  on  the  first  than  on 
the  second  day.  The  upper 
part  of  the  cotyledon  changed 
its  course  by  at  least  as  much 
Zea  mays :  circumnutation  of  cotyle-   as  a  rectangle  six  times  on  each 

don,tracedoa  horizontal  glass,  from     of  the   two   days.      The    plant 

8  30  A.M  Feb  4th  to  8  A.M.  6th.    ^^.^^  illuminated  by  an  obscure 

Moveraeut  of  bead  magnified  on  aa    ,.   ,  .      .  ^^.  , 

average  about  25  timeb.  l^g'^t    irom    vertically   above. 

This  was  a  necessary  precau- 
tion, as  on  the  previous  day  we  had  traced  the  movements  of 
cotyledons  placed  in  a  deep  box,  the  inner  side  of  which  was 
feebly  illuminated  on  one  side  from  a  distant  north-east  window, 
and  at  each  observation  by  a  wax  taper  held  for  a  minute  or 
two  on  the  same  side ;  and  the  result  was  that  the  cotyledons 
travelled  all  day  long  to  this  side,  though  making  in  their  course 
some  conspicuous  flexures,  from  which  fact  alone  we  might  haTC 
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PHAT.ABfB 


Fig.  52. 


ooncladed  that  they  were  drcmniiatating;  bat  wc  thought  it 
•dvisable  to  make  the  tracing  aboTe  giren. 

Radicles, — Glass  filaments  were  fixe  J  to  two  short  radicles^ 
placed  so  as  to  stand  abnost  upright,  and  whiUt  bending  down- 
wards through  geotropism  their  courses  were  stronglj  zigzag 
Trom  this  latter  circumstance  circumnntation  might  have  been 
inferred,  had  not  their  tips  become  sh'ghtly  withered  after  thi^ 
first  24  h.,  though  tbej  were  watered  and  the  air  kept  Tery 
damp.  Nine  radicles  were  next  arranged  in  the  manner 
formerly  described,  so  that  in  growing  downwards  they  left 
tracks  on  smoked  glass-plates,  inclinc^l  at  Tarious  angles  between 
45^  and  80^  beneath  the  horizon.  Aln^ost  every  one  of  these 
tracks  offered  eyidence  in  their  greater  or  less  breadth  in  dif- 
ferent parts,  or  in  little  bridges  of  soot  being 
left,  that  the  apex  had  come  alternately  into 
more  and  less  close  contact  with  the  glasis.  In 
the  accompanying  figure  (Fig.  52)  we  have 
an  accurate  copy  of  one  such  track:  In  two 
instances  alone  (and  in  these  the  plates  were 
highly  inclined)  there  was  some  evidence  of 
slight  lateral  movement.  We  presume  therefore 
that  the  friction  of  the  apex  on  the  smoked 
surface,  little  as  this  could  have  been,  sufficed 
to  check  the  movement  from  side  to  side  of  there 
delicate  radicles. 

Avena  tativa  (Gramineffi). — A  cotyledon,  1] 
inch  in  height,  was  placed  in  front  *of  a  north- 
east window,  and  the  movement  of  the  apex 
was  traced  on  a  horizontal  glass  during  two 
days.    It  moved  towards  the  light  in  a  slightly 
zigzag  line  from  9  to  11.30  a.m.  on  October  15th ;  it  then  moved 
a  little  backwards  and  zigzagged  much  until  5  p.m   after  which 
hour,  and  during  the  night,  it  continued  to  move'towards  th^ 
window     On  the  following  morning  the  same  movement  wo! 
contmued  m  a  nearly  straight  line  until  12.40  p  m  wh/>r»  fv.^   u 
..ained  until  2^  «traordinarily  dark  from  "tCtr-l:^^ 
Donng  this  interval  of  1  h.  55  m.,  whilst  the  light  was  oh^u  , 
jt  was  mte««tmg  to  observe  how  circumnulation  ove^arn.; 
hehotropu^  for  the  apex,  mstead  of  continuing  to  move  triwarl 

ed  it 

chapter  on  HeUotropism. 


Zca  niaf/8  ;  track 
left  on  incliuerl 
smoked  glass- 
plaU  by  tip 
of    radicle    in 

growing  down- 
wards. 


Ac  window  in  a  slighUy  zigzag  line,  reversed  it,  conn*  t<m, 

t^^^^two^^rrowanpees,    A  diagra«7tW. 
will  be  girm  m  the  ehavter  on  H«iio«»..,.~  " 


(UM« 
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A  tilamcut  was  next  fixed  to  a  cotyludou  only  }  of  an  inch  in 
height,  wliich  was  illuminated  exclusively  from  above,  and  aa 
it  was  kept  in  a  warm  greenhouse,  it  grew  rapidly ;  and  now 
there  could  l)e  no  doubt  about  its  circumnutation,  for  it  described 
a  figure  of  8  as  well  as  two  small  ellipFCS  in  5i  hours. 

Nephrodium  molle  (Filices). — A  seedling  fern  of  this  species 
^'ig.  53.  came  up  by  chance  in  a  flower- 

pot near  its  parent.  The  frond, 
as  yet  only  slightly  lobed,  was 
only  '16  of  an  inch  in  length  and 
*2  in  breadth,  and  was  supported 
on  a  rachis  as  fine  as  a  hair 
and  '23  of  an  inch  in  height.  A 
very  thin  glass  filament,  which 
projected  for  a  length  of  '36  of 
an  inch,  was  fixed  to  the  end  of 

the  frond.    The  movement  was 
Nephrodium  molle :  circummitxiU.Ti    ^    j^-   |^,       magnified    that    the 
of  very  young  frond,  traced  in  °     r.  " 

darkness  on  horizontal  glass,  figure  (hjg.  53)  cannot  be  fully 
from  9  A  M.  to  9.  P.M.  Oct.  30th.  trusted ;  but  the  frond  was 
Movement  of  bead  mnguified  48    constantly  moving  in  a  complex 

^""*^'**  manner,  and  the  bead  greatly 

changed  its  course  eighteen  times  in  the  12  hours  of  observation. 
Within  half  an  hour  it  often  returned  in  a  line  almost  parallel 
to  its  former  course.    The  greatest  amount  of  movement  occurred 

between  4  and  6  p.m.  The  circumnuta- 
tion of  this  plant  is  interesting,  because 
the  species  in  the  genus  Lygodium  are 
well  known  to  circumnutate  conspicuously 
and  to  twine  round  any  neighbouring 
object. 

Selaginella  Kraussii  (?)  (Tjycopodiacea)). 
— A  very  young  plant,  only  '4  of  an  inch 
young  plant,  kept  in   jn  height,  had  Sprung  up  in  a  pot  in  the 

siTsTMl't'o'lo^PM!   liot-house.    An  extremely  fine  glass  fila- 
Oct.  :Ust.  ment  was  fixed  to  the  end  of  the  frond- 

like  stem,  and  the  movement  of  the  bead 
traced  on  a  horizontal  glass.  It  changed  its  courj-e  several 
times,  as  nhown  in  Fig.  54,  whilst  observed  during  13  h.  15  m., 
and  returned  at  night  to  a  jx)int  not  far  distant  from  that 
whence  it  had  started  in  the  morning.  There  can  l>e  no  doubt 
rhat  this  little  plant  circumnutated 


SclagineHa  h'rmissii  (?) : 
circumnutation        of 
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CHAPTER  II. 

I 

GeITERAL  COXSIDERATIOX8  ON  THE  MOVEMKNIS   AND  GrOWTH  OF 

Seedling  Plants. 

Generality  of  the  circuuinutating  mo vemoDt— Radicles,  tlieir  eirouin- 
nutation  of  service — Manner  in  which  they  penetrate  the  gmuiid^ 
Manner  in  which  hypocotyls  and  other  organs  break  through  the 
ground  by  bt'ing  arched — Singular  manner  of  germination  in  Megar. 
rliiza,  &c. — Abortion  of  cotyledons—  Circamnutation  of  hypocotyls 
and  epicotyls  whiUt  still  buried  and  arched — Their  power  of 
straightening  tlieniselve:s— Bursting  of  the  seed-coats <- Inherited 
effect  of  the  arching  process  in  hypogeau  hypocotyls— Gircumnutti- 
tion  of  hypocotyls  and  epicotyls  when  erect — Ciicumnutation  of 
cotyledon;}— Pulvini  or  joints  of  cotyledons,  duration  of  their 
activity,  rudimentary  in  Oxnlis  corniculata,  their  development — 
Sensitiveness  of  C'tylcdons  to  light  and  consequent  disturbance  of 
their  periodic  mcvemcntd— Sensiiivcuess  of  cotyledons  to  contact 

The  circumnutating  movements  of  the  several  paxts 
or  organs  of  a  considerable  number  of  seedling  plants 
have  been  described  in  the  last  chapter.  A  list  is  here 
appended  of  the  Families,  Cohorts,  Sub-classes,  &c.. 
to  which  they  belong,  arranged  and  numbered  ac- 
cording to  the  classification  adopted  by  Hooker.* 
Any  one  who  will  consider  this  list  will  see  that  the 
young  plants  selected  for  observation,  fairly  represent 
the  whole  vegetable  series  excepting  the  lowest 
cryptogams,  and  the  movements  of  some  of  the  latter 
when  mature  will  hereafter  be  described.  As  all  the 
seedlings  which  were  observed,  including  ConiferS; 
Cycads  and  Ferns,  which  belong  to  the  most  ancient 


•  As  gven  in  the   '(ieneral  System  of  Bofamy,*  by  Tjo  Maoutand 
DecaUne,  1873. 
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types  amongst  plants,  were  continually  circumnu- 
tating,  we  may  infer  that  this  kind  of  movement  is 
common  to  every  seedling  species. 

ScB-KiNGDOM  I — FhflBiiogamoiiB  Plants. 
Class  I.— Dicotyledons. 


Sub-C]Q88  I 


Familr. 

» 

14,  CrucifercB. 

26,  CaryophyllecB. 

36   Malvacea. 

41.  Oxcdidem. 

49.  TropcsuUa, 

52.  Aurantiacca:, 

70.  Hippocastanea. 

7d.  LeguminoscB. 
lOH.  Cucurbit  ice€B, 
109.  CactecB. 
122.  ComposiUB, 
135.  Primulacece. 
145.  Asclepiadece. 
151.  ConvolruiaccoB. 
154.  Borragincct, 

156.  Kolanea. 

157.  SoianecB. 
181.  Chenopodiea. 
202.  EuphorbiacccB. 

211.  CupulifercB, 

212.  CorylacecB. 


—AntjiotpermM. 

Cohort. 
[[.  Parietalgs. 
IV.  Caryopiitllalks. 
VI.  Malvales. 
VII.  Geraniales. 
Ditto 
Ditto 
X.  Sapinoales. 

XI.    ROSALES. 
XII.   PaSSI FLORA  LE8. 
XIV.   FiCOIDALES. 
XVII.  ASTRALEB. 

XX.  Primulales. 
XXII.  Gentianales. 
xxiii   polemoniales. 
Ditto 
Ditto 
xxiv.  solanales. 
XXVII.  CiiENorooiALEa. 

XXXII.   EUPHORDIALEBL 

XXXVI.  Quern  ALES. 
Ditto 


Sub-class  II. — Gijmnotperms, 


223.  Coniferce. 

224.  CycadecB. 


Class  II.— Monocotyledons. 


2.  CannncecB, 
34.  Lilicuxce, 
41.  AsparagccB. 
55.  GraminccB, 


II.  A  MOM  ALES. 

XI.  Liu  ALES. 
Ditto 
XV.  Glumaleb. 


SuB-KixGi'OM  II. — Cryptogamio  Plants. 

1.  Filices,  I.    FiLICALBB. 

6.  Lycopodiaccai.  Ditto 


ACTiOJf  OF   THE   RADICLE. 

Eadicles. — In  all  the  gorminuting  sceda  observed 
by  us,  the  first  cbaogo  is  the  protrusion  of  tho 
nJicIe,  which  immeiliately  btnda  downwards  and 
eodeayours  to  penetnito  the  ground.  In  order  to 
effect  this,  it  is  almost  necessary  that  the  seed  shoiikt 
be  pressed  down  so  as  to  offer  some  resistunce,  unless 
indeed  the  soil  is  extremely  loose ;  for  otherwise  the 
seed  is  lifted  up,  instead  of  the  radicle  penetrating 
tlie  surface.  But  seeds  often  get  covered  by  earth 
thrown  up  hy  burrowing  quadrupeds  or  scratching 
birds,  by  the  castings  of  earth-worms,  by  heaps  of 
excremeut,  the  decaying  branches  of  trees,  &c.,  and 
will  thus  be  pressed  down ;  and  they  must  often  fall 
into  cracks  when  the  ground  is  dry,  or  into  holes. 
Even  with  seeds  lying  on  the  bare  surface,  the  first 
developed  root-hairs,  by  becoming  atbiched  to  stones 
or  other  objects  on  the  surface,  are  able  to  hold  down 
the  upper  part  of  the  radicle,  whilst  the  tip  pene- 
trates the  ground.  Sachs  has  shown*  how  well  and 
closely  root-hairs  adapt  themselves  by  growtli  to  the 
most  irregular  particles  in  the  soil,  and  become  firmly 
attached  to  them.  This  attachment  seems  to  he 
effected  by  the  softening  or  liquefaction  of  the  outer 
surface  of  the  wall  of  the  bair  and  its  subsequent 
consolidation,  as  will  he  on  some  future  occasion 
more  fully  described.  This  intimate  union  plays  an 
important  part,  according  to  Sachs,  in  the  absurptivQ 
of  water  and  of  the  inorganic  matter  dissolved  in  it. 
The  mechanical  aid  afforded  by  the  root-hairs  in  pene- 
trating the  ground  is  probably  only  a  secontUry 
service. 

The  tip  of  the  radicle,  as  soon  as  it  protrudes  from 
the  seed-coats,  begins  to  circumnutate,  and  the  whole 


■  Pliviiolugie  V^g^tale,'  18C8.  pp.  IW,  205. 
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growing  part  continues  to  do  so,  probably  for  as  long 
as  growth  continues.  This  movement  of  the  radicle 
has  been  described  in  Brassica,  j3Escu1us,  Phaseolus, 
Vicia,  Cucurbita,  Quercus  and  Zea.  The  probability 
of  its  occurrence  was  inferred  by  Sachs,*  from  radicles 
placed  vertically  upwards  being  acted  on  by  geotro- 
pism  (which  we  likewise  found  to  be  the  C4ise),  for  if 
they  had  remained  absolutely  perpendicular,  the  attrac- 
tion of  gravity  could  not  have  caused  them  to  bend  to 
any  one  side.  Circumnutation  was  observed  in  the  above 
specified  cases,  either  by  means  of  extremely  fine  fila- 
ments of  glass  affixed  to  the  radicles  in  the  manner 
previously  described,  or  by  their  being  allowed  to 
grow  downwards  over  inclined  smoked  glass-plates,  on 
which  they  left  their  tracks.  In  the  latter  cases  the 
serpentine  course  (see  Figs.  19,- 21,  27,  41)  showed 
unequivocally  that  the  apex  had  continually  moved 
from  side  to  side.  This  lateral  movement  was  small 
in  extent,  being  in  the  ease  of  Phaseolus  at  most 
about  1  mm.  from  a  medial  line  to  both  sides.  But 
there  was  also  movement  in  a  vertical  plane  at  right 
angles  to  the  inclined  glass-plates.  This  was  shown 
by  the  tracks  often  being  alternately  a  little  broader 
and  narrower,  due  to  the  radicles  having  alternately 
pressed  with  greater  and  less  force  on  the  plates. 
Occasionally  little  bridges  of  soot  were  left  across  the 
tracks,  showing  that  the  apex  had  at  these  spots  been 
lifted  up.     This  latter  fact  was  especially  apt  to  occur 


*  *  Uebor  das  Wachsthiim  dor 
Wurziln  :  Arbeiten  des  bot.  In- 
9tit«it8  in  Wiirzburg,'  Heft  iii. 
187:^,  p.  400.  This  memoir,  be- 
sides its  iiitrinbic  and  grout  in- 
t(?re.st.  dcst^rves  to  be  studied  as  a 
model  of  careful  iuvesti«;Bti<»n. 
Hnd  we  shall  have  occ^ision  to 
lefcr  t"  it  rej)catedly.     Dr.  Frank 


had  previously  romnrkcd  C  B«  i 
trUgo  zur  Pflunzi  nphysioloj^ie, 
18t>8,  p.  81)  on  the  fact  of  mdich  s 
pUiced  verti»v»lly  upwards  being 
acttd  on  by  geutropism,  and  bo 
explained  it  hy  tiie  suppo&itiou 
that  their  gr<  wth  was  not  equal 
on  all  sides. 
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when  the  radicle  instead  of  travelling  straight  do\\Ti 
the  glass  made  a  semicircular  bend;  but  Fig.  52 
shows  that  this  may  occur  when  the  track  is  rectilinear. 
The  apex  by  thus  rising,  was  in  one  instance  able  to 
surmount  a  bristle  cemented  across  an  inclined  glass- 
plate  ;  but  slips  of  wood  only  ^^  of  an  inch  in  thickness 
always  caused  the  radicles  to  bend  rectangularly  to 
one  side,  so  that  the  apex  did  not  rise  to  this  small 
height  in  opposition  to  geotropism. 

In  those  cases  in  which  radicles  with  attached  fila- 
ments were  placed  so  as  to  stand  up  almost  vertically, 
they  curved  downwards  through  the  action  of  geotro- 
pism, circumnutating  at  the  same  time,  and  their 
courses  were  consequently  zigzag.  Sometimes,  how- 
ever, they  made  great  circular  sweeps,  the  lines  being 
likewise  zigzag. 

Radicles  closely  surrounded  by  earth,  even  when 
this  is  thoroughly  soaked  and  softened,  may  perhaps 
be  quite  prevented  from  circumnutating.  Yet  we 
should  remember  that  the  circumnutating  sheath-like 
cotyledons  of  Phalaris,  the  hypocotyls  of  Solanum, 
and  the  epicotyls  of  Asparagus  formed  round  them- 
selves little  circular  cracks  or  furrows  in  a  superficial 
layer  of  damp  argillaceous  sand.  They  were  also 
able,  as  well  as  the  hypocotyls  of  Brassica,  to  form 
straight  furrows  in  damp  sand,  whilst  circumnutating 
and  bending  towards  a  lateral  light.  In  a  future 
chapter  it  will  be  shown  that  the  rocking  or  circum- 
nutating movement  of  the  flower-heads  of  Trifolium 
subterraneum  aids  them  in  burying  themselves.  It  is 
therefore  probable  that  the  circumnutation  of  the  tip 
of  the  radicle  aids  it  slightly  in  penetrating  the 
ground ;  and  it  may  be  observed  in  several  of  the 
previously  given  diagrams,  that  the  movement  is 
more  strongly  pronounced  in  radicles  when  they  first 
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protrude  from  the  seed  than  at  a  rather  later  period ; 
but  whether  this  is  an  accidental  or  an  adaptive 
coincidence  we  do  not  pretend  to  decide.  Never- 
theless, when  young  radicles  of  Phaseolus  mvltiflortis 
were  fixed  vertically  close  over  damp  sand,  in  the 
expectation  that  as  soon  as  they  reached  it  they 
would  form  circular  furrows,  this  did  not  occur, — a 
fact  which  may  be  accounted  for,  as  we  believe,  by 
the  furrow  being  filled  up  as  soon  as  formed  by  the 
rapid  increase  of  thickness  in  the  apex  of  the  radicle. 
Whether  or  not  a  radicle,  when  surrounded  by  soft- 
ened earth,  is  aided  in  forming  a  passage  for  itself 
by  circumnutating,  this  movement  can  hardly  fail 
to  be  of  high  importance,  by  guiding  the  radicle 
along  a  line  of  least  resistance,  as  will  be  seen  in  the 
next  chapter  when  we  treat  of  the  sensibility  of  the 
tip  to  contact.  If,  however,  a  radicle  in  its  down- 
ward growth  breaks  obliquely  into  any  crevice,  or  a 
hole  left  by  a  decayed  root,  or  one  made  by  the 
larva  of  an  insect,  and  more  especially  by  worms,  the 
circumnutating  movement  of  the  tip  will  materially 
aid  it  in  following  such  open  passage ;  and  we  have 
observed  that  roots  commonly  run  down  the  old 
burrows  of  worms.* 

When  a  radicle  is  placed  in  a  horizontal  or  inclined 
position,  the  terminal  growing  part,  as  is  well  known, 
bends  down  towards  the  centre  of  the  earth;  and 
Sachs  t  has  shown  that  whilst  thus  bending,  the  growth 
of  the  lower  surface  is  greatly  retarded,  whilst  that 


*  Seo,  also.  Prof.  Hcnsen's  state- 
ments ('  Zeitschrift  fiir  Wissen, 
Zool./  B.  xxviii.  p.  354,  1877)  to 
the  same  effect.  He  goes  so  far 
98  to  believe  that  roi.ts  are  able 
to  penetrate  the  ground  to  a  greiit 
depth  only  by  niea'is  of  the  bur- 


ro v:8  made  by  worms. 

t  'Arbeiten  des  bot.  Inst. 
Wiirzburg,'  vol.  i.  1S73,  p.  461. 
See  albO  p.  397  for  the  length  of 
the  growing  part,  and  p.  451  on 
the  force  of  geotropi^m. 
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of  the  upper  surface  continues  at  the  normal  rate, 
or  may  be  even  somewhat  increastnl.  He  has  further 
shown  by  attaching  a  thread,  running  over  a  pulley, 
to  a  horizontal  radicle  of  large  size,  namely,  that 
of  the  common  bean,  that  it  was  able  to  pull  up  a 
weight  of  only  one  gmmme,  or  15*4  grains.  We  may 
therefore  conclude  that  geotropism  does  not  give  a 
radicle  force  sufficient  to  j>enetrate  the  ground,  but 
merely  tells  it  (if  such  an  expression  may  be  used) 
which  course  to  pursue.  Before  we  knew  of  Siichs* 
more  precise  observations  we  covered  a  flat  surface  of 
damp  sand  with  the  thinnest  tin-foil  which  we  could 
procure  (-02  to  -03  mm.,  or  -00012  to  -00079  of  an  inch 
in  thickness),  and  placed  a  radicle  close  above,  in  such 
a  position  that  it  grew  almost  perpendicularly  down- 
wards. When  the  apex  came  into  contact  with  the 
polished  level  surface  it  turned  at  right  angles  and 
glided  over  it  without  leaving  any  impression ;  yet 
the  tin-foil  was  so  flexible,  that  a  little  stick  of  soft 
wood,  pointed  to  the  same  degree  as  the  end  of  the 
radicle  and  gently  loaded  with  a  weight  of  only  a 
quarter  of  an  ounce  (120  grains)  plainly  indented  the 
tin-foil. 

Radicles  are  able  to  penetrate  the  ground  by  the 
force  due  to  their  longitudinal  and  transverse  growth ; 
the  seeds  themselves  being  held  down  by  the  weight 
of  the  superincumbent  soil.  In  the  case  of  the  bean 
the  apex,  protected  by  the  root-cap,  is  sharp,  and 
the  growing  part,  from  8  to  10  mm.  in  length,  is 
much  more  rigid,  as  Sachs  has  proved,  than  tlio  part 
immediately  above,  which  has  ceased  to  increase  in 
length.  We  endeavoured  to  ascertain  the  downward 
pressure  of  the  growing  part,  by  placing  germinating 
beans  between  two  small  metal  plates,  tlio  upper  one 
of  which  was  loaded  with  a  known  weight;  and  the 
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types  amongst  plants,  were  continually  circumnu- 
tating,  we  may  infer  that  this  kind  of  movement  is 
common  to  every  seedling  species. 

Sub-Kingdom  I — FhaBiiogamoiiB  Plants. 
Class  I.— Dicotyledons. 


Sub-class  I 


Familr. 

14.  CrucifercB. 

26,  Caryophyllece. 

36   MalvacecB. 

41.  Oxcdidem. 

49.  TropcBdecB, 

52.  Awrantiacea. 

70.  JfippocastanfCB, 

lb,  Legununosa. 
lOrt.  Cucurbit  icea, 
109.  CactecB. 
122.  ComposiicB. 
135.  PrimulacecB. 
145.  AsclepiadecB. 
151.  Convoltuiacca. 
154.  BorraginecB. 

156.  KolanccB. 

157.  SoicmecB. 
181.  ChenopodicdB. 
202.  Euphorbiacca, 

211.  CuptdifercB, 

212.  CorylaceoB. 


— Angiospernu. 

Cohort. 
II.  Parietales. 
IV.  Caryophtllales. 
VI.  Malvales. 
VII.  Geraniales. 
Ditto 
Ditto 
X.  Sapindales. 

XI.   ROSALES. 

XII.  Passifloraleb. 

XIV.   FiCOIDALES. 
XVII.   ASTRALES. 

XX.  Primulales. 
XXII.  Gextianales. 

XXIII     POLEMONIALl^a. 

Ditto 
Ditto 
xxiv.  solaxales. 

XXVII.   ClIENOPODIALEflL 

xxxii.  euphordiales. 
xxxvi.  quernales. 
Ditto 


Sub-class  II. — Gijmnotperms, 


22:^.  ConifercB, 
224.  Cycadea. 


Class   II.— MO.NOCOTYLEDONS. 


2.  CannacecB, 
34.  LiiiaoecB, 
41.  AsparagecB. 
55.  GramincoB, 


II.  Amomaleb. 

XI.   LiUALES. 

Ditto 
XV.  Glumaleb. 


Sub-Kingdom  IT. — Cryptogamio  Plants. 

1.  FUiceS,  I.    FiLICALBB. 

6.  LycopodiacccB,  Ditto 
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Radicles. — In  all  the  germinating  seeds  observed 
by  us,  the  first  change  is  the  protrusion  of  the 
radicle,  which  immediately  bends  downwards  and 
endeavours  to  penetrate  the  ground.  In  order  to 
effect  this,  it  is  almost  necessary  that  the  seed  should 
be  pressed  down  so  as  to  offer  some  resistance,  unless 
indeed  the  soil  is  extremely  loose ;  for  otherwise  the 
seed  is  lifted  up,  instead  of  the  radicle  penetrating 
the  surface.  But  seeds  often  get  covered  by  earth 
thrown  up  by  burrowing  quadrupeds  or  scratching 
birds,  by  the  castings  of  earth-worms,  by  heaps  of 
excrement,  the  decaying  branches  of  trees,  &c.,  and 
will  thus  be  pressed  down ;  and  they  must  often  fall 
into  cracks  when  the  ground  is  dry,  or  into  holes. 
Even  with  seeds  lying  on  the  bare  surface,  the  first 
developed  root-hairs,  by  becoming  atttiched  to  stones 
or  other  objects  on  the  surface,  are  able  to  hold  down 
the  upper  part  of  the  radicle,  whilst  the  tip  pene- 
trates the  ground.  Sachs  has  shown*  how  well  and 
closely  root-hairs  adapt  themselves  by  growth  to  the 
most  irregular  particles  in  the  soil,  and  become  firmly 
attached  to  them.  This  attachment  seems  to  be 
effected  by  the  softening  or  liquefaction  of  the  outer 
surface  of  the  wall  of  the  hair  and  its  subsequent 
consolidation,  as  will  be  on  some  future  occasion 
more  fully  described.  This  intimate  union  plays  an 
important  part,  according  to  Sachs,  in  the  absorption 
of  water  and  of  the  inorganic  matter  dissolved  in  it. 
The  mechanical  aid  afforded  by  the  root-hairs  in  pene- 
trating the  ground  is  probably  only  a  secondary 
service. 

The  tip  of  the  radicle,  as  soon  as  it  protrudes  from 
the  seed-coats,  begins  to  circumnutate,  and  the  whole 


•  I 


Physiologie  V^g^tale,*  1868,  pp.  109.  205. 
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growing  part  continues  to  do  so,  probably  for  as  long 
as  growth  continues.  This  movement  of  the  radicle 
has  been  described  in  Brassica,  jiEsculus,  Phaseolus, 
Vicia,  Cucurbita,  Quercus  and  Zea.  The  probability 
of  its  occurrence  was  inferred  by  Sachs,*  from  radicles 
placed  vertically  upwards  being  acted  on  by  geotro- 
l>ism  (which  we  likewise  found  to  be  the  case),  for  if 
they  had  remained  absolutely  perpendicular,  the  attrac- 
tion of  gravity  could  not  have  caused  them  to  bend  to 
any  one  side.  Circumnutation  was  observed  in  the  above 
specified  cases,  either  by  means  of  extremely  fine  fila- 
ments of  glass  affixed  to  the  radicles  in  the  manner 
previously  described,  or  by  their  being  allowed  to 
grow  downwards  over  inclined  smoked  glass-plates,  on 
which  they  left  their  tracks.  In  the  latter  cases  the 
serpentine  course  (see  Figs.  19,- 21,  27,  41)  showed 
unequivocally  that  the  apex  had  continually  moved 
from  side  to  side.  This  lateral  movement  was  small 
in  extent,  being  in  the  case  of  Phaseolus  at  most 
about  1  mm.  from  a  medial  line  to  both  sides.  But 
there  was  also  movement  in  a  vertical  plane  at  right 
angles  to  the  inclined  glass-plates.  This  was  shown 
by  the  tracks  often  being  alternately  a  little  broader 
and  narrower,  due  to  the  radicles  having  alternately 
pressed  with  greater  and  less  force  on  the  plates. 
Occasionally  little  bridges  of  soot  were  left  across  the 
tracks,  showing  that  the  apex  had  at  these  spots  been 
lifted  up.     This  latter  fact  was  especially  apt  to  occur 


*  *  Ueber  das  Wacbsthiim  der 
WurzL-ln  :  Arbeiten  des  bot.  In- 
9titut8  in  Wurzburg,'  Iltft  iii. 
1873,  p.  4(J0.  This  intmoir,  be- 
sides its  intrinsic  and  great  in- 
terest, deserves  to  bo  studied  as  a 
model  of  careful  iuvestij^ation, 
and  we  sball  have  occ.ision  to 
ifcfcr  to  it  repeatedly.     Dr.  Frank 


had  previously  remnrked  (*  B.  i 
triigo  zur  Pflanzc  nphysioloj^ie, 
18t>8,  p.  81)  on  the  fact  of  mclich  s 
phioed  verti«*«illy  upwards  being 
uettd  on  by  geotropibin,  and  b«j 
explained  it  by  the  enppoMtiou 
that  their  gn  wtli  was  not  eqnaj 
on  ail  bides. 
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when  the  radicle  instead  of  travelling  straight  down 
the  glass  made  a  semicircular  bend ;  but  Fig.  52 
shows  that  this  may  occur  when  the  track  is  rectilinear. 
The  apex  by  thus  rising,  was  in  one  instance  able  to 
surmount  a  bristle  cemented  across  an  inclined  glass- 
plate  ;  but  slips  of  wood  only  ^q  of  an  inch  in  thickness 
always  caused  the  radicles  to  bend  rectangularly  to 
one  side,  so  that  the  apex  did  not  rise  to  this  small 
height  in  opposition  to  geotropism. 

In  those  cases  in  which  radicles  with  attached  fila- 
ments were  placed  so  as  to  stand  up  almost  vertically, 
they  curved  downwards  through  the  action  of  geotro- 
pism, circumnutating  at  the  same  time,  and  their 
courses  were  consequently  zigzag.  Sometimes,  how- 
ever, they  made  great  circular  sweeps,  the  lines  being 
likewise  zigzag. 

Eadicles  closely  surrounded  by  earth,  even  when 
this  is  thoroughly  soaked  and  softened,  may  perhaps 
be  quite  prevented  from  circumnutating.  Yet  we 
should  remember  that  the  circumnutating  shcath-like 
cotyledons  of  Phalaris,  the  hypocotyls  of  Solanum, 
and  the  epicotyls  of  Asparagus  formed  round  them- 
selves little  circular  cracks  or  furrows  in  a  superficial 
layer  of  damp  argillaceous  sand.  They  were  also 
able,  as  well  as  the  hypocotyls  of  Brassica,  to  form 
straight  furrows  in  damp  sand,  whilst  circumnutating 
and  bending  towards  a  lateral  light.  In  a  future 
chapter  it  will  be  shown  that  the  rocking  or  circum- 
nutating movement  of  the  flower-heads  of  Trifolium 
suhterraneum  aids  them  in  burying  themselves.  It  is 
therefore  probable  that  the  circum nutation  of  the  tip 
of  the  radicle  aids  it  slightly  in  penetrating  the 
ground ;  and  it  may  be  observed  in  several  of  the 
previously  given  diagrams,  that  the  movement  is 
more  strongly  pronounced  in  radicles  when  they  first 
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protrude  from  the  seed  than  at  a  ratlier  later  period ; 
but  whether  this  is  an  accidental  or  an  adaptive 
coincidence  we  do  not  pretend  to  decide.  Never- 
theless, when  young  radicles  of  Phaseolus  midtiflorus 
were  fixed  vertically  close  over  damp  sand,  in  the 
expectation  that  as  soon  as  they  reached  it  they 
would  form  circular  furrows,  this  did  not  occur, — a 
fact  which  may  be  accounted  for,  as  we  believe,  by 
the  furrow  being  filled  up  as  soon  as  formed  by  the 
rapid  increase  of  thickness  in  the  apex  of  the  radicle. 
Whether  or  not  a  radicle,  when  surrounded  by  soft- 
ened earth,  is  aided  in  forming  a  passage  for  itself 
by  circumnutating,  this  movement  can  hardly  fail 
to  be  of  high  importance,  by  guiding  the  radicle 
along  a  line  of  least  resistance,  as  will  be  seen  in  the 
next  chapter  when  we  treat  of  the  sensibility  of  the 
tip  to  contact.  If,  however,  a  radicle  in  its  down- 
ward growth  breaks  obliquely  into  any  crevice,  or  a 
hole  left  by  a  decayed  root,  or  one  made  by  the 
larva  of  an  insect,  and  more  especially  by  worms,  the 
circumnutating  movement  of  the  tip  will  materially 
aid  it  in  following  such  open  passage ;  and  we  have 
observed  that  roots  commonly  run  down  the  old 
burrows  of  worms.* 

When  a  radicle  is  placed  in  a  horizontal  or  inclined 
position,  the  terminal  growing  part,  as  is  well  known, 
bends  down  towards  the  centre  of  the  earth;  and 
Sachs  t  has  shown  that  whilst  thus  bending,  the  growth 
of  the  lower  surface  is  greatly  retarded,  whilst  that 


*  See, also.  Prof.  Hcnsen*8Ptnte-  ror.'s  made  by  worms, 

ments  ('  Zeitschrift    fiir  Wisaen,  t  *  ArbeiU-n    dcs    bot      Inst, 

Zool.,'  B.  xxvili.  p.  354,  1877)  to  Wiirzburg,'  vol.  i.  1S73,  p.  461. 

the  same  effect.    He  goes  so  far  See  aUo  p.  397  for  the  length  of 

98  to  believe  that  ro«it8  are  able  the  growing  part,  and  p.  451  on 

to  penetrate  the  ground  to  a  greiit  the  force  of  geot^opi^DI. 
depth  only  by  nieaMs  of  the  bur- 
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of  the  upper  surface  continues  at  the  normal  rate, 
or  may  be  even  somewhat  increased.  He  has  further 
shown  by  attaching  a  thread,  running  over  a  pulley, 
to  a  horizontal  radicle  of  large  size,  namely,  that 
of  the  common  bean,  that  it  was  able  to  pull  up  a 
weight  of  only  one  gramme,  or  15*4  grains.  We  may 
therefore  conclude  that  geotropism  does  not  give  a 
radicle  force  sufficient  to  penetrate  the  ground,  but 
merely  tells  it  (if  such  an  expression  may  be  used) 
which  course  to  pursue.  Before  we  knew  of  Sachs* 
more  precise  observations  we  covered  a  flat  surface  of 
damp  sand  with  the  thinnest  tin-foil  which  we  could 
procure  (-02  to  -03  mm.,  or  -00012  to  -00079  of  an  inch 
in  thickness),  and  placed  a  radicle  close  above,  in  such 
a  position  that  it  grew  almost  perpendicularly  down- 
wards. When  the  apex  came  into  contact  with  the 
polished  level  surface  it  turned  at  right  angles  and 
glided  over  it  without  leaving  any  impression;  yet 
the  tin-foil  was  so  flexible,  that  a  little  stick  of  soft 
wood,  pointed  to  the  same  degree  as  the  end  of  the 
radicle  and  gently  loaded  with  a  weight  of  only  a 
quarter  of  an  ounce  (120  grains)  plainly  indented  the 
tin-foil. 

Radicles  are  able  to  penetrate  the  ground  by  the 
force  due  to  their  longitudinal  and  transverse  growth ; 
the  seeds  themselves  being  held  down  by  the  weight 
of  the  superincumbent  soil.  In  the  case  of  the  bean 
the  apex,  protected  by  the  root-cap,  is  sharp,  and 
the  growing  part,  from  8  to  10  mm.  in  length,  is 
much  more  rigid,  as  Sachs  has  proved,  than  the  part 
immediately  above,  which  has  ceased  to  increase  in 
length.  We  endeavoured  to  ascertain  the  downward 
pressure  of  the  growing  part,  by  placing  germinating 
beans  between  two  small  metal  plates,  the  upper  one 
of  which  was  loaded  with  a  known  weight;  and  the 
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radicle  was  then  allowed  to  grow  into  a  narrow  hole  in 
wood,  2  or  3  tenths  of  an  inch  in  depth,  and  closed  at 
the  bottom.  The  wood  was  so  cut  that  the  short  space 
of  radicle  between  the  mouth  of  the  hole  and  the 
bean  could  not  bend  laterally  on  three  sides ;  but  it 
was  impossible  to  protect  the  fourth  side,  close  to 
the  bean.  Consequently,  as  long  as  the  radicle  con- 
tinued to  increase  in  length  and  remained  straight, 
the  weighted  bean  would  be  lifted  up  after  the  tip 
had  reached  the  bottom  of  the  shallow  hole.  Beans 
thus  arranged,  surrounded  by  damp  sand,  lifted  up  a 
quarter  of  a  pound  in  24  h.  after  the  tip  of  the 
radicle  had  entered  the  hole.  With  a  greater  weight 
the  radicles  themselves  always  became  bent  on  the  one 
unguarded  side;  but  this  probably  would  not  have 
occurred  if  they  had  been  closely  surrounded  on  all 
sides  by  compact  earth.  There  was,  however,  a 
possible,  but  not  probable,  source  of  error  in  these 
trials,  for  it  was  not  ascertained  whether  the  beans 
themselves  go  on  swelling  for  several  days  after  they 
have   germinated,  and  after  having  been  treated  in 

the  mannor  in  which  ours  had  been ; 
*^'   '^'  namely,  being  first  left  for  24  h.  in 


^ 


water,  then  allowed  to  germinate  in 
very  damp  air,  afterwards  placed  over 
Datiine  of  piece  of  the  hole  and  almost  surrounded  by 
^^"^.^  damp  sand  in  a  closed  box. 
<ize)  with  a  hole  W  c  succccded  better  in  ascertaining 
thrmlicle  ^of  a  ^^^  forcc  cxertcd  transversely  by  these 
bean  grew.  Thick-   radiclcs.     Two   wcrc   SO   placed  as  to 

ness    of    stick    at  ,,  1111  ^       •       ^^ .  .i 

narrow  end    'us    penetrate  small  holes  made  in  little 

inch,  at  broad  end     sticks,  OUC  of   which  waS   CUt   iuto    the 

hoie*-i  inch.     ^    sliape  here   exactly  copied  (Fig.  55). 

The  short  end   of  the  stick   beyond 
the  bole  was   purposely  split,  but   not   the   opposite 
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Fig.  56. 


end.  As  the  wood  was  hiirlilv  elastic,  the  split  oi 
fissure  closed  immediately  after  Kniig  made.  After 
six  days  the  stick  and  bean  were  dug  out  of  the  damp 
Siind,  and  the  radicle  was  found  to  be  much  enlarged 
above  and  beneath  the  hole.  The  fissure,  which  was 
at  first  quite  closeil,  was  now  oj>en  to  a  width  of 
4  mm. ;  as  soon  as  the  radicle  was  extracteil,  it  imn.e- 
diately  closed  to  a  width  of  2  mm.  The  stick  was 
then  suspended  horizontally  by 
a  fine  wire  passing  through  the 
hole  lately  filled  by  the  radicle, 
and  a  little  saucer  was  sus- 
pended beneath  to  receive  the 
weights ;  and  it  required  8  lbs. 
8  ozs.  to  open  the  fissure  to  the 
width  of  4  mm. — that  is,  the 
width  before  the  root  was  ex- 
tracted. But  the  part  of  the 
radicle  (only  '1  of  an  inch  in 
length)  which  was  embedded  in 
the  hole,  probably  exerte<l  a 
greater  transverse  strain  even 
than  8  lbs.  8  ozs.,  for  it  had  split 
the  solid  wood  for  a  length  of 
rather  more  than  a  quarter  of 
an  inch  (exactly  •275  inch),  and 
this  fissure  is  shown  in  Fig.  55.   ^Vor>den  pincers  ko|.t  dosci  u 

.  1^-1  .    •     1  •      ,  1  a  Kuiral  br.rss  sprinvj,  vvitli  n 

A  second  stick  was  tried  in  tlie 
same  manner  with  almost  ex- 
actly the  same  result. 

We  then  followed  a  better 
plan.  Holes  were  bored  near 
the  narrow  end  of  two  wooden  clips  or  pincers  (Fig.  50), 
kept  closed  by  brass  spiral  springs.  Two  radicles  in  damp 
land  were  allowed  to  grow  through  these  holes.     The 


hole  ('14  inch  in  ilianjotor 
and  '6  inch  in  <lc|»th)  borcil 
through  the  narrow  c1om»i| 
part,  through  which  a  ra<licl(' 
of  a  bo.in  was  nllowoil  to 
grow.     Temp.  ,*>0®-«3t)°  F. 
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pincers  rested  on  glass-plates  to  lessen  the  friction  from 
the  sand.  The  holes  were  a  little  larger  (viz.  '14  inch) 
and  considerably  deeper  (viz.  '0  inch)  than  in  the 
trials  with  the  sticks;  so  that  a  greater  length  of  a 
rather  thicker  radicle  exerted  a  transverse  strain. 
After  13  days  they  were  taken  up.  The  distance  of 
two  dots  (see  the  figure)  on  the  longer  ends  of  the 
pincers  was  now  carefully  measured ;  the  radicles  were 
then  extracted  from  the  holes,  and  the  pincers  of 
course  closed.  They  were  then  suspended  horizontally 
in  the  same  manner  as  were  the  bits  of  sticks,  and  a 
weight  of  1500  grams  (or  3  lbs.  4  ozs.)  was  necessary 
with  one  of  the  pincers  to  open  them  to  the  same 
extent  as  had  been  effected  by  the  transverse  growth 
of  the  radicle.  As  soon  as  this  radicle  had  slightly 
opened  the  pincers,  it  had  grown  into  a  flattened  form 
and  liad  escaped  a  little  beyond  the  hole ;  its  diameter 
in  one  direction  being  4*2  mm.,  and  at  right  angles 
3*5  mm.  If  this  escape  and  flattening  could  have 
been  prevented,  the  radicle  would  probably  have 
exerted  a  greater  strain  than  the  3  lbs.  4  ozs.  With 
the  other  pincers  the  radicle  escaped  still  further 
out  of  the  hole;  and  the  weight  required  to  open 
them  to  the  same  extent  as  had  been  effected  by  the 
radicle,  was  only  600  grams. 

With  these  facts  before  us,  there  seems  little  diffi- 
culty in  understanding  how  a  radicle  penetrates  the 
ground.  The  apex  is  pointed  and  is  protected  by 
the  root-cap ;  the  terminal  growing  part  is  rigid,  and 
increases  in  length  with  a  force  equal,  as  far  as  our 
observations  can  be  trusted,  to  the  pressure  of  at  least 
a  quarter  of  a  pound,  probably  with  a  mucli  greater 
force  when  prevented  from  bending  to  any  side  by  the 
surrounding  earth.  Whilst  thus  increasing  in  length 
it  increases  in   thickness,   pushing  away  the  damp 
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earth  on  all  sides,  with  a  force  of  above  8  pounds  in 
one  case,  of  3  pounds  in  another  case.  It  was  impos- 
sible to  decide  whether  the  actual  apex  exerts,  relatively 
to  its  diameter,  the  same  transverse  strain  as  the  parts 
a  little  higher  up  ;  but  there  seems  no  reason  to  doubt 
that  this  would  be  the  case.  The  growing  part  there- 
fore does  not  act  like  a  nail  when  hammered  into  a 
board,  but  more  like  a  wedge  of  wood,  which  whilst 
slowly  driven  into  a  crevice  continually  expands  at 
the  same  time  by  the  absorption  of  water;  and  a 
wedge  thus  acting  will  split  even  a  mass  of  rock. 

Manner  in  which  Hypocotyhy  Epicotyh,  dtc,  rise  up 
and  break  through  the  ground, — After  the  radicle  has 
penetrated  the  ground  and  fixed  the  seed,  the  hypo- 
cotyls  of  all  the  dicotyledonous  seedlings  observed  by 
us,  which  lift  their  cotyledons  above  the  surface,  break 
through  the  ground  in  the  form  of  an  arch.  When 
the  cotyledons  are  hypogean,  that  is,  remain  buried  in 
the  soil,  the  hypocotyl  is  hardly  developed,  and  the 
epicotyl  or  plumule  rises  in  like  manner  as  an  arch 
through  the  ground.  In  all,  or  at  least  in  most  of  such 
cases,  the  downwardly  bent  apex  remains  for  a  time 
enclosed  within  the  seed-coats.  With  Corylus  avel- 
lena  the  cotyledons  are  hypogean,  and  the  epicotyl 
is  arched;  but  in  the  particular  case  described  in 
the  last  chapter  its  apex  had  been  injured,  and  it 
grew  laterally  through  the  soil  like  a  root;  and  in 
consequence  of  this  it  had  emitted  two  secondary 
shoots,  which  likewise  broke  through  the  ground  as 
arches. 

Cyclamen  does  not  produce  any  distinct  stem,  and 
only  a  single  cotyledon  appears  at  first ;  *  its  petiole 


•  This  is  the  conclusion  arrived  considered  by  otlier  botanists  aa 

at    by   Dr.  H.   Gressner   (*Bot.  the  first  true  leaf  is  really  the 

Zeitung,'    1874,    p.    837),    who  second  cotyledon,  which  id  gicntly 

maintaiiis   that  what    has  been  delayed  in  its  development. 
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breaks   tnrough   the    ground   as   an   arch    (Fig.   57). 
Fig.  r.7.  Abronia  also  has  only  a  single  fully 

developed  cotyledon,  but  in  this 
case  it  is  the  hypocotyl  which  first 
emerges  and  is  arched.  Ahronia 
umhellata,  however,  presents  this 
peculiarity,  that  the  enfolded  blade 
of  the  one  developed  cotyledon 
(with  the  enclosed  endosperm) 
whilst  still  beneath  the  surface  has 
its  apex  uj)turned  and  parallel  to 
the  descending  leg  of  the  arched 
hypocotyl  ;  but  it  is  dragged 
out  of  the  ground  by  the  con- 
tinued growth  of  the  hypocotyl, 
with  the  apex  pointing  downward. 
With  Cycas  pettinata  the  cotyledons  are  hypogean, 

and  a  tnie  leaf  first  breaks 
through  the  ground  with 
its  petiole  forming  an 
arch. 

In  the  genus  Acanthus 
the  cotyledons  are  likewise 
hypogean.  In  A.  mollis, 
a  single  leaf  first  breaks 
through  the  ground  with 
its  petiole  arched,  and  with 
the  opposite  leaf  much  less 
developed,  short,  straight, 
of  a  yellowish  colour,  and 

A :anfhHs  mollis:  seedling,  with  the     with  thc  pctiole  at  first  not 
hvpojjean  cotyledon  on  the  nenr     ^     10        x-l  •    i  xi     x      i*  xi 

Mde  removed  and  the  radicles  cut     halt  aS  thlck  aS  that  Ol    the 

ofl':  <.,  blade  of  first  leaf  begin-    other.      The     Undeveloped 

Ding  to  I'Xpand,  with  petiole  still  ,,.  .  .      .     ^   r         xj 

Irtiitially  arched;  />,  second  and  h'al  IS    protected   by  Staud- 

o|.l»osite' leaf,  as  yet  very  imper-  -  beneath  its  arched  fel- 

fectlv  developed ;    r,   hypogean  ^  j    •      • 

ootyicdon  nn  the  oppimite  fide.       low ;  and  it  IS  an   instnic- 


Cyclimcn  Persirwn  : 
seedling,  figure  en- 
larged :  c,  blade  of 
cotyledon,  not  yet 
expanded,  with  arciied 
petiole  beginning  to 
straighten  itself;  /i, 
hypocotyl  developed 
intoacorm ;  r,  second- 
ary radicles. 


Fig.  53. 
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rive  feet  that  it  is  not  archill,  as  it  bAS  not  to  fom© 
for  itself  a  passao^e  thron^rh  the  ground.  In  the  «coom* 
panring  sketch  ^Fig.  oi>)  the  petiole  of  the  first  lo^ 
has  already  partially  straiirhtened  itA^lf,  and  the  Made 
is  beginning  to  unfold.  The  small  SiX\>nd  leaf  ulti- 
mately grows  to  an  equal  size  with  the  firsts  Init  this 
prL»cess  is  effected  at  very  different  ratt^  in  different 
individuals :  in  one  instance  the  secmul  leaf  did  not 
appear  fully  above  the  ground  until  six  wivks  after  the 
first  leaf.  As  the  leaves  in  the  whole  family  of  the 
Acanthacea;  stand  either  opposite  one  another  or  in 
whorls,  and  as  these  are  of  equal  size,  the  great  in- 
equality between  the  first  two  leaves  is  a  singular  fact. 
We  can  see  how  this  inequality  of  development  and 
the  arching  of  the  petiole  ci>uld  have  been  gnulually 
acquired,  if  they  were  beneficial  to  the  seeiilings  by 
favouring  their  emergence  ;  for  with  A.  dindeJabrum^ 
spinosus^eLiid  lati/oltus  there  was  great  variability  in  the 
inequality  between  the  two  first  leaves  and  in  tlu» 
arching  of  their  petioles.  In  one  seedling  of  -4.  can- 
ddabrum  the  first  leaf  was  arched  and  nine  times  as 
long  as  the  second,  which  latter  consisted  of  a  more 
little,  yellowish-white,  straiglit,  hairy  style.  In  other 
seedlings  the  difference  in  lengtli  between  the  two 
leaves  was  as  3  to  2,  or  as  4  to  3,  or  as  only  'TO  to 
'62  inch.  In  these  latter  cases  the  first  and  taller  IcNif 
was  not  properly  arched.  Lastly,  in  another  seedling 
there  was  not  the  least  difference  in  size  betwecMi  the 
two  first  leaves,  and  both  of  them  had  their  jx^tioles 
straight ;  their  lamina)  were  enfolded  and  ])resH(Ml 
against  each  other,  forming  a  lanco  or  weclge,  by 
which  means  they  had  broken  through  the  ground. 
Therefore  in  different  individuals  of  tliis  same  specien 
of  Acanthus  the  first  pair  of  leaves  breaks  through 
the  ground  by  two  widely  different  methods ;  and  if 
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either  had  proved  decidedly  advantageous  or  disad- 
vantageous, one  of  them  no  doubt  would  soon  have 
prevailed. 

Asa  Gray  has  described  *  the  peculiar  manner  of  ger- 
mination of  three  widely  different  plants,  in  which  the 
hypocotyl  is  hardly  at  all  developed.  These  were  there- 
fore observed  by  us  in  relation  to  our  present  subject. 

Delphinium  nvdicaule, — The  elongated  petioles  of 
the  two  cotyledons  are  confluent  (as  are  sometimes 
their  blades  at  the  base),  and  they  break  through  the 
ground  as  an  arch.  They  thus  resemble  in  a  most 
deceptive  manner  a  hypocotyl.  At  first  they  are 
solid,  but  after  a  time  become  tubular ;  and  the  basal 
part  beneath  the  ground  is  enlarged  into  a  hollow 
chamber,  within  which  the  young  leaves  are  developed 
without  any  prominent  plumule.  Externally  root- 
hairs  are  formed  on  the  confluent  petioles,  either  a 
little  above,  or  on  a  level  with,  the  plumule.  The 
first  leaf  at  an  early  period  of  its  growth  and  whilst 
within  the  chamber  is  quite  straight,  but  the  petiole 
soon  becomes  arched;  and  the  swelling  of  this  part 
(and  probably  of  the  blade)  splits  open  one  side  of 
the  chamber,  and  the  leaf  then  emerges.  The  slit 
was  found  in  one  case  to  be  3*2  mm.  in  length,  and 
it  is  seated  on  the  line  of  confluence  of  the  two 
petioles.  The  leaf  when  it  first  escapes  from  the 
chamber  is  buried  beneath  the  ground,  and  now  an 
upper  part  of  the  petiole  near  the  blade  becomes 
arched  in  the  usual  manner.  The  second  leaf  comes 
out  of  the  slit  either  straight  or  somewhat  arched,  but 
afterwards  the  upper  part  of  the  petiole, — certainly  in 
some,  and  we  believe  in  all  cases, — arches  itself  whilst 
forcing  a  passage  through  the  soil. 


•  •  Botanical  Text-Book,'  1879,  p.  22. 
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Megarrhiza  Californica, — The  cotyledons  of  this 
Gourd  never  free  themselves  from  the  seed-coats  and 
are  hypogeau.  Their  petioles  are  completely  con- 
fluent, forming  a  tube  which  terminates  downwards 
in  a  little  solid  point,  consisting  of  a  minute  radicle 
and  hypocotyl,  with  the  likewise  minute  plumule 
enclosed  within  the  base  of  the  tube.  This  structure 
was  well  exhibited  in  an  abnormal  specimen,  in  which 
one  of  the  two  cotyledons  failed  to  produce  a  petiole, 
whilst  the  other  produced  one  consisting  of  an  open 
semicylinder  ending  in  a  sharp  point,  formed  of  the 
parts  just  described.  As  soon  as  the  confluent 
petioles  protrude  from  the  seed  they  bend  down,  as 
they  are  strongly  geotropic,  and  penetrate  the  ground. 
The  seed  itself  retains  its  original  position,  either 
on  the  surface  or  buried  at  some  depth,  as  the  case 
may  be.  If,  however,  the  point  of  the  confluent 
petioles  meets  with  some  obstacle  in  the  soil,  as 
appears  to  have  occurred  with  the  seedlings  described 
and  figured  by  Asa  Gray,*  the  cotyledons  are  lifted 
up  above  the  ground.  The  petioles  are  clothed  with 
root-hairs  like  those  on  a  true  radicle,  and  they 
likewise  resemble  radicles  in  becoming  brown  when 
immersed  in  a  solution  of  permanganate  of  potassium. 
Our  seeds  were  subjected  to  a  high  temperature,  and 
in  the  course  of  three  or  four  days  the  petioles  pene- 
trated the  soil  perpendicularly  to  a  depth  of  from 
2  to  2j^  inches ;  and  not  until  then  did  the  true 
radicle  begin  to  grow.  In  one  specimen  which  was 
closely  observed,  the  petioles  in  7  days  after  their 
first  protrusion  attained  a  length  of  2J  inches,  and  the 
radicle  by  this  time  had  also  become  well  developed. 
The  plumule,  still  enclosed  within  the  tube,  was  now 


♦  •  American  Journal  of  Science,'  vol.  xiv.  1877,  p.  21 
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Fig.  58,  A. 


'3  inch  in  length,  and  was  quite  straight ;  but  from 
having  increased  in  thickr.ess  it  had  just  begun  to 
split  open  the  lower  part  of  the  petioles  on  one  side, 
along  the  line  of  their  confluence.  By  the  following 
morning  the  upper  part  of  the  plumule  had  arched 

itself  into  a  right  angle,  and  the 
convex  side  or  elbow  had  thus  been 
forced  out  through  the  slit.  Here 
then  the  arching  of  the  plumule 
plays  the  same  part  as  in  the  case  of 
the  petioles  of  the  Delphinium.  As 
the  plumule  continued  to  grow,  the 
tip  became  more  arched,  and  in 
the  course  of  six  days  it  emerged 
through  the  2J  inches  of  superin- 
cumbent soil,  still  retaining  its 
arched  form.  After  reaching  the 
surface  it  straightened  itself  in  the 
usual  manner.  In  the  accompany- 
ing figure  (Fig.  58,  A)  we  have  a 
sketch  of  a  seedling  in  this  ad- 
vanced state  of  development;  the 
surface  of  the  ground  being  re- 
hfegan-hiza  CaUfomi:a ;  presented  by  the  liuc  G G. 

fed  ,1  AtrS:       Tlie  germination  of  the  seeds  in 
reduced   to    one-half  their  native  Californiau  home  pro- 

tvlVn  s^e/.f .':'!";:  ceeds  in  a  rather  different  manner, 
the    two    confluent  as   wc   infer   from    an    interesting 

{!^co''iyf '  a^nrld^de ;  letter  from  Mt.  Kattau,  sent  to  us 
;>/,  plumule ;  G (?,  ^y  Pfof.  Asa  Gray.     The  petioles 

surface  ot  soil.  .       ^      i>  .i  i  pj^ 

protrude  Irom  the  seeds  soon  alter 
the  autumnal  rains,  and  penetrate  the  ground,  generally 
in  a  vertical  direction,  to  a  depth  of  from  4  to  even 
6  inches.  They  were  found  in  this  state  by  Mr. 
Rattan  during  the  Christmas  vacation,  with  the  plu- 
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mules  still  enclosed  within  the  tubes  ;  and  he  remarks 
that  if  the  plumules  had  been  at  once  developed  and 
had  reached  the  surface  (as  occurred  with  our  seeds 
which  were  exposed  to  a  high  temperature),  they 
would  surely  have  been  killed  by  the  frost.  As  it  is 
they  lie  dormant  at  some  depth  beneath  the  surface, 
and  are  thus  protected  from  the  cold ;  and  the  root- 
hairs  on  the  petioles  would  supply  them  with  sufficient 
moisture.  We  shall  hereafter  see  that  many  seedlings 
are  protected  from  frost,  but  by  a  widely  diflferent 
process,  namely,  by  being  drawn  beneath  the  surface 
by  the  contraction  of  their  radicles.  We  may,  how- 
ever, believe  that  the  extraordinary  manner  of  germi- 
nation of  Megarrhiza  has  another  and  secondary 
advantage.  The  radicle  begins  in  a  few  weeks  to 
enlarge  into  a  little  tuber,  which  then  abounds  with 
starch  and  is  only  slightly  bitter.  It  would  therefore 
be  very  liable  to  be  devoured  by  animals,  were  it  not 
protected  by  being  buried  whilst  young  and  tender,  at  a 
depth  of  some  inches  beneath  the  surface.  Ultimately 
it  grows  to  a  huge  size. 

IpoTTwea  leptophylla. — In  most  of  the  species  of  this 
genus  the  hypocotyl  is  well  developed,  and  breaks 
through  the  ground  as  an  arch.  But  the  seeds  of  the 
present  species  in  germinating  behave  like  those  of 
Megarrhiza,  excepting  that  the  elongated  petioles  of 
the  cotyledons  are  not  confluent.  After  they  have 
protruded  from  the  seed,  they  are  united  at  their 
lower  ends  with  the  undeveloped  hypocotyl  and  un- 
developed radicle,  which  together  form  a  point  only 
about  •!  inch  in  length.  They  are  at  first  highly 
geotropic,  and  penetrate  the  ground  to  a  depth  of 
rather  above  half  an  inch.  The  radicle  then  begins 
to  grow.  On  four  occasions  after  the  petioles  had 
grown  for  a  short  distance  vertically  downwards,  they 
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were  placed  in  a  horizontal  position  in  damp  air  in  the 
dark,  and  in  the  course  of  4  hours  they  again  became 
curved  vertically  downwards,  having  passed  through 
90°  in  this  time.  But  their  sensitiveness  to  geotropism 
lasts  for  only  2  or  3  days;  and  the  terminal  part 
alone,  for  a  length  of  between  '2  and  '4  inch,  is  thus 
sensitive.  Although  the  petioles  of  our  specimens 
did  not  penetrate  the  ground  to  a  greater  depth  than 
about  i  inch,  yet  they  continued  for  some  time  to  grow 
rapidly,  and  finally  attained  the  great  length  of  about 
3  inches.  The  upper  part  is  apogeotropic,  and  there- 
fore grows  vertically  upwards,  excepting  a  short 
portion  close  to  the  blades,  which  at  an  early  period 
bends  downwards  and  becomes  arched,  and  thus 
breaks  through  the  ground.  Afterwards  this  portion 
straightens  itself,  and  the  cotyledons  then  free  them- 
selves from  the  seed-coats.  Thus  we  here  have  in 
different  parts  of  the  same  organ  widely  different  kinds 
of  movement  and  of  sensitiveness ;  for  the  basal  part 
is  geotropic,  the  upper  part  apogeotropic,  and  a  portion 
near  the  blades  temporarily  and  spontaneously  arches 
itself.  The  plumule  is  not  developed  for  some  little 
time  ;  and  as  it  rises  between  the  bases  of  the  parallel 
and  closely  approximate  petioles  of  the  cotyledons, 
which  in  breaking  through  the  ground  have  formed  an 
almost  open  passage,  it  does  not  require  to  be  arched  and 
is  consequently  always  straight.  Whether  the  plumule 
remains  buried  and  dormant  for  a  time  in  its  native 
country,  and  is  thus  protected  from  the  cold  of  winter, 
we  do  not  know.  The  radicle,  like  that  of  the  Megar- 
rhiza,  grows  into  a  tuber-like  mass,  which  ultimately 
attains  a  great  size.  So  it  is  with  Ipomoea  pandurata, 
the  germination  of  which,  as  Asa  Gray  informs  us, 
resembles  that  of  J.  leptophylla. 
The  following  case  is  interesting  in  connection  with 
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s  root-like  nature  of  the  petioles.  Tlie  riidiclo  of  a 
■  aeeilling  was  cut  off,  as  it  was  completely  decayed, 
and  the  tw^now  sepaniteil  cotyledons  were  planted. 
They  enutte<l  roots  from  their  bases,  and  continued 
green  and  healthy  for  two  months.  The  blades  of 
both  then  withered,  and  on  removing  the  earth  the 
bases  of  the  petioles  (instead  of  the  radicle)  were 
found  enlarged  into  little  tubers.  Whether  these 
would  have  had  the  power  of  producing  two  in- 
dependent plants  in  the  following  summer,  we  do  not 
know. 

In   Quercus  virens,  according  tu  Dr.  Engelmann,* 

both  the  cotyledons  and  their  petioles  are  confluent. 

The  latter   grow   to  a  length   "of  an   inch  or  even 

Bore;"  and,  if  we  understand  rightly,  penetrate  the 

n>und,  so  that  they  must  be  geotropic.     The  nntri- 

lent  within  the  cotyledons  is  then  quickly  transferred 

the   bypocotyl  or   radicle,   which    thus    becomes 

leveloped     into    a    fusiform    tuber.      The    fact    ol 

babers  being  formed  by  the   foregoing  three  widely 

Hlstinct  plants,  makes  us  believe  that  their  protection 

1  animals  at  im  early  age  and  ivliilst  tender,  is  one 

1  least  of  the   advantages   gained   by   the   remark- 

jble   elongation  of  the   iietioles  of   the    cotyledons, 

jether  with  their  power  of  penetrating  the  ground 

ike  roots  under  the  guiilance  of  geotropism. 

The  following  cases  may  be  here  given,  as  they  bear 
I  our  present  subject,  though  not  relating  to  seed- 
ings.  The  flowet-stem  of  the  parasitic  Lalhrtea 
tmaria,  which  is  destitute  of  true  leaves,  breaks 
mgh  the  ground  as  an  arch  ;t  so  does  the  flower- 

•  'Tmiumct.  Si.  LouU  Ani.1.  Rmiind  amnot  Tail  to  btj  RresUj' 

SeieoM,'  vol.  iv.  p.  191).  focililBted  by   (lie  oilrBonliDarr 

t  Tbe  puKise   nS  ihe  flower-  qunntit;  of  wator  accreltd  at  tbu 

*  n  of  tl^  Ijtrliricit  tliniu^b  tlia  i>rriod  of  tbe  year  bj  the  lubteiw 
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stem  of  the  parasitic  and  leafless  Monotropa  hypopitys. 
With  Ilellehorm  niyer,  the  flower-stems,  which  rise  up 
independently  of  the  leaves,  likewise  broak  through 
the  ground  as  arches.  Tiiis  is  also  the  case  with  the 
greatly  elongated  flower-stems,  as  well  as  with  the 
petioles  of  Epimedium  pinnatum.  So  it  is  with  the 
petioles  of  Ranunculus  jicaria,  when  they  have  to  break 
through  the  ground,  but  when  they  arise  from  the 
summit  of  the  bulb  above  ground,  they  are  from  the 
first  quite  straight ;  and  this  is  a  fact  which  deserves 
notice.  The  rachis  of  the  bracken  fern  (Pten's  aqui- 
Una),  and  of  some,  probably  many,  other  ferns,  like- 
wise rises  above  ground  under  tlie  form  of  an  arch. 
No  doubt  other  analogous  instances  could  be  found  by 
careful  search.    In  all  ordinary  cases  of  bulbs,  rhizomes, 


rancan  scale  likr  lonves  :  uot  that 
tlnTO  is  any  reason  to  snpposo 
that  the  sicrction  is  a  special 
udaptatiun  f<ir  this  purpose:  it 
probably  follows  from  the  j:reat 
quantity  of  sap  absorl)ed  in  the 
early  sprin;?  by  the  para.'^itic  ri)ot8. 
After  a  lonj[?  period  without  any 
rain,  the  earth  hu<l  become  hght- 
coloured  an<i  viry  dry,  but  it  was 
dark  coloured  nnd  damp,  even  in 
parts  quite  w«  t.  for  a  dist^ma;  of 
at  least  six  inches  sill  round  vtwh 
flower-htem.  Tlio  water  is  siecretcd 
by  «j:lands  (ilcriCiil>ed  by  Cohn, 
**Hericl,t.  Bot.  Sect,  del*  Schh- 
ti^ci.on  Gesell.,'  1870,  p.  IIH) 
which  line  the  longitudi:iul 
cl»annel9  runninj^  throuj;h  e»ch 
Bcale-like  loaf.  A  la^^o  pl.mt  wus 
dug  up,  washed  so  ns  to  remove 
tWe  enrth,  left  lor  t-ome  lime  t) 
drain,  and  then  ])Uici<l  in  the 
evetiing  on  a  dry  glass-plate, 
coven.'d  with  a  boll-glnss,  a-id  by 
next  morning  it  I  al  secreted  a 
large  pool  of  wat«  r.  The  pi  to 
was  wipe<l  dry,  and  in  the  course 
of  tite  succeeding  7  or  8  hours 


another  little  pool  was  secreted, 
and  after  16  additional  hours 
several  largo  drops.  A  smaller 
plant  was  Wiushed  and  placed  in  a 
large  jar,  which  was  left  inclined 
for  an  hour,  by  which  time  no 
more  wat<r  drained  oflf.  Tne  jar 
was  then  placed  upright  and 
closed :  after  23  hours  twodrachms 
of  water  were  collected  from  the 
bottom,  and  a  little  more  after  25 
additional  hours.  The  flower- 
stems  were  now  cut  olf,  for  they 
do  not  secrete,  and  the  subter- 
ranean \m.vt  of  the  plant  was  found 
to  weigh  1(H>  8  gr.ims  (1011 
gnuns),  and  the  water  secrt-ted 
during  tiie  4S  hours  weighetl 
11 '9  grams  (1*3  gmins) — that  is, 
one-ninth  of  the  whole  weight  of 
the  plant,  excluding  tlie  flower- 
stems.  We  should  rememb  rthot 
plants  in  a  state  of  nature  would 
j)robably  t-ecrete  in  48  hours  much 
more  than  the  above  largo  amount, 
for  their  roots  would  continue  all 
the  time  absorbing  sap  from  the 
plant  on  which  they  were  par^ 
sitio. 
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root-stocks,  &c,  buried  beneath  the  ground,  the  surface 
is  broken  bv  a  cone  formed  bv  the  vouns:  imbricated 
leaves,  the  combined  growth  of  which  givt'S  them  force 
sufficient  for  the  purpose. 

With  germinating  monocotyledonous  seeds,  of 
which,  however,  we  did  not  observe  a  large  number, 
the  plumules,  fur  instance,  those  of  Aspjiragus  and 
Canna,  are  straight  whilst  breaking  through  the  ground. 
With  the  Gramine*.  the  sheath-like  cotvledons  are 
likewise  straight ;  they,  however,  teniiinate  in  a  sharp 
crest,  which  is  white  and  somewhat  indurated ;  and  this 
structure  obviously  facilitates  their  emergence  from 
the  soil :  the  first  true  leaves  escape  fn>m  the  sheath 
through  a  slit  beneath  the  chisel-like  a[M?x  ami  at 
right  angles  to  it.  In  the  case  of  the  onion  {Allium 
eepa)  we  again  meet  with  an  arch  ;  the  leaf-like  coty- 
ledon being  abruptly  bowed,  when  it  breaks  through 
the  ground,  with  the  apex  still  enclosed  within  the 
seed-coats.  The  crown  of  the  arch,  as  previously 
described,  is  developed  into  a  white  conical  pro- 
tuberance, which  we  may  safely  believe  to  be  a 
special  adaptation  for  this  office. 

The  fact  of  so  many  organs  of  different  kinds — 
hypocotyls  and  epicotyls,  the  petioles  of  some  coty- 
ledons and  of  some  first  leaves,  the  cotyledons  of 
the  onion,  the  rachis  of  some  ferns,  and  some  flower- 
stems — being  all  arched  whilst  they  break  through 
the  ground,  shows  how  just  are  Dr.  Haberlandt's  * 
remarks  on  the  importance  of  the  arch  to  seedling 
plants.  He  attributes  its  chief  importance  to  the 
upper,  young,  and  more  tender  parts  of  the  hypocotyl 


♦  *  Die  Schatzeinrichtan^en  in  though  our  observations  lead  us 

der    Eiitwickelui)};   dcr     Keiiii-  to  differ  ou  Bouie  poiutd  Irom  thv 

pflanze/  1877.    We  h;ivc  learned  author. 
muoh  ijrom  thia  intcreatiug  essay, 
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or  epicotyl,  being  thus  saved  from  abrasion  and 
pressure  whilst  breaking  through  the  ground.  But 
we  think  that  some  importance  may  be  attributed  to 
the  increased  force  gained  by  the  hypocotyl,  epicotyl, 
or  other  organ  by  being  at  first  arched  ;  for  both  legs  of 
the  arch  increase  in  length,  and  both  have  points  of 
resistance  as  long  as  the  tip  remains  enclosed  within 
the  seed-coats;  and  thus  the  crown  of  the  arch  is 
pushed  up  through  the  earth  with  twice  as  much  force 
as  that  which  a  straight  hypocotyl,  &c.,  could  exert. 
As  soon,  however,  as  the  upper  end  has  freed  itself, 
all  the  work  has  to  be  done  by  the  basal  leg.  In 
the  case  of  the  epicotyl  of  the  common  bean,  the 
basal  leg  (the  apex  having  freed  itself  from  the  seed- 
coats)  grew  upwards  with  a  force  sufficient  to  lift  a 
thin  plate  of  zinc,  loaded  with  12  ounces.  Two  more 
ounces  were  added,  and  the  14  ounces  were  lifted  up 
to  a  very  little  height,  and  tlion  the  epicotyl  yielded 
and  bent  to  one  side. 

With  respect  to  the  primary  cause  of  tlie  arching 
process,  we  long  thought  in  the  case  of  many  seedlings 
that  this  might  be  attributed  to  the  manner  in  which 
the  hypocotyl  or  epicotyl  was  packed  and  curved 
within  the  seed-coats  ;  and  that  the  arched  shape  thus 
acquired  was  merely  retained  until  the  parts  in  question 
reached  the  surface  of  the  ground.  But  it  is  doubtful 
whether  this  is  the  whole  of  the  truth  in  any  case. 
For  instance,  with  the  common  bean,  the  epicotyl  or 
plumule  is  bowed  into  an  arch  whilst  breaking  through 
the  seed-coats  as  shown  in  Fig.  59  (p.  92).  The 
plumule  first  protrudes  as  a  solid  knob  (e  in  A),  which 
after  twenty-four  hours'  growth  is  seen  (e  in  B)  to  be 
the  crown  of  an  arch.  Nevertheless,  with  several 
beans  which  germinated  in  damp  air,  and  had  other- 
ffise  been   treated  in    an    unnatural    manner,   little 
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plumules  were  developed  in  the  axils  of  the  petioles 
of  both  cotyledons,  and  these  were  as  perfectly  arched 
as  the  normal  plumule;  yet  they  had  not  been  sub- 
jected to  any  confinement  or  pressure,  for  the  seed- 
coats  were  completely  ruptured,  and  they  grew  in  the 
open  air.  This  proves  that  the  plumule  has  an  innate 
or  spontaneous  tendency  to  arch  itself. 

In  some  other  cases  the  hypocotyl  or  epicotyl  pro- 
trudes from  the  seed  at  first  only  slightly  bowed;  but 
the  bowing  afterwards  increases  independently  of  any 
constraint.  The  arch  is  thus  made  narrow,  with  the 
two  legs,  which  are  sometimes  much  elongated,  parallel 
and  close  together,  and  thus  it  becomes  well  fitted 
for  breaking  through  the  ground. 

With  many  kinds  of  plants,  the  radicle,  whilst  still 
enclosed  within  the  seed  and  likewise  after  its  first  pro- 
trusion, lies  in  a  straight  line  with  the  future  hypocotyl 
and  with  the  longitudinal  axis  of  the  cotyledons.  This 
is  the  case  with  Cucurbita  ovifera;  nevertheless,  in 
whatever  position  the  seeds  were  buried,  the  hypocotyl 
always  came  up  arched  in  one  particular  direction. 
Seeds  were  planted  in  friable  peat  at  a  depth  of  about 
an  inch  in  a  vertical  position,  with  the  end  from  which 
the  radicle  protrudes  downwards.  Therefore  all  the 
parts  occupied  the  same  relative  positions  which 
they  would  ultimately  hold  after  the  seedlings  had 
risen  clear  above  the  surface.  Notwithstanding  this 
fact,  the  hypocotyl  arched  itself;  and  as  the  arch 
grew  upwards  through  the  peat,  the  buried  seeds  were 
turned  either  upside  down,  or  were  laid  horizontally, 
being  afterwards  dragged  above  the  ground.  Ulti- 
mately the  hypocotyl  straightened  itself  in  the  usual 
manner;  and  now  after  all  these  movements  the 
several  parts  occupied  the  same  position  relatively  to 
one  another  and  to  the  centre  of  the  earth,  which  they 
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had  done  when  the  seeds  were  first  buried.  But  it  may 
be  argued  in  this  and  other  such  cases  that,  as  the 
hypocotyl  grows  up  through  the  soil,  the  seed  will 
almost  certainly  be  tilted  to  one  side ;  and  then 
from  the  resistance  which  it  must  offer  during  its 
further  elevation,  the  upper  part  of  the  hypocotyl  will 
be  doubled  down  and  thus  become  arched.  This  view 
seems  the  more  probable,  because  with  Ranunculus 
ficaria  only  the  petioles  of  the  leaves  which  forced 
a  passage  through  the  earth  were  arched ;  and  not 
those  which  arose  from  the  summits  of  the  bulbs  above 
the  ground.  Nevertheless,  this  explanation  does  not 
apply  to  the  Cucurbita,  for  when  germinating  seeds 
were  suspended  in  damp  air  in  various  positions  by 
pins  passing  through  the  cotyledons,  fixed  to  the 
inside  of  the  lids  of  jars,  in  which  case  the  hypo- 
cotyls  were  not  subjected  to  any  friction  or  constraint, 
yet  the  upper  part  became  spontaneously  arched. 
This  fact,  moreover,  proves  that  it  is  not  the  weight 
of  the  cotyledons  which  causes  the  arching.  Seedc 
of  Helianthus  annuus  and  of  two  species  of  Ipomoea 
(those  of  J.  hoiia  nox  being  for  the  genus  large 
and  heavy)  were  pinned  in  the  samo  manner, 
and  the  hypocotyls  became  spontaneously  arched ; 
the  radicles,  which  had  been  vertically  dependent, 
assumed  in  consequence  a  horizontal  position.  In 
the  case  of  Iponicea  leiytophyUa  it  is  the  petioles  of  the 
cotyledons  which  become  arched  whilst  rising  through 
the  ground ;  and  this  occurred  spontaneously  when 
the  seeds  were  fixed  to  the  lids  of  jars. 

It  may,  however,  be  suggested  with  some  degree  of 
probability  that  the  arching  was  aboriginally  caused 
by  mechanical  compulsion,  owing  to  the  confinement 
of  the  parts  in  question  within  the  seed-coats,  or  to 
friction  whilst  they  were  being  dragged  upwards.    Bat 
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if  this  is  so,  we  must  admit  from  the  cases  just  given, 
that  a  tendency  in  the  upper  part  of  the  several 
specified  organs  to  bend  downwards  and  thus  to  be- 
come arched,  has  now  become  with  many  plants  firmly 
inherited.  The  arching,  to  whatever  ciiuse  it  may  be 
due,  is  the  result  of  modified  circumnutation,  through 
increased  growth  along  the  convex  side  of  the  part ; 
such  growth  being  only  temporary,  for  the  part  always 
straightens  itself  subsequently  by  increased  growth 
along  the  concave  side,  as  will  hereafter  be  described. 

It  is  a  curious  fact  that  the  hypocotyls  of  some 
plants,  which  are  but  little  developed  and  which 
never  raise  their  cotyledons  above  the  ground,  never- 
theless inherit  a  slight  tendency  to  arch  themselves, 
although  this  movement  is  not  of  the  least  use  to 
them.  We  refer  to  a  movement  observed  by  Sachs 
in  tlie  hypocotyls  of  the  bean  and  some  other  Legumi- 
nosie,  and  which  is  shown  in  the  accompanying  figure 
(Fig.  59),  copied  from  his  Essay.*  The  hypocotyl 
and  radicle  at  first  grow  perpendicularly  downwards, 
as  at  A,  and  then  bend,  often  in  the  course  of  24  hours, 
into  the  position  shown  at  B.  As  we  sliall  here- 
after often  have  to  recur  to  this  movement,  we  will,  for 
brevity  sake,  call  it  "  Sachs'  curvature."  At  first  sight 
it  might  be  thought  that  the  altered  position  of  the 
radicle  in  B  was  wholly  due  to  the  outgrowth  of  the 
epicotyl  (e),  the  petiole  (p)  ser\ing  as  a  hinge ;  and 
it  is  probable  that  this  is  partly  the  cause ;  but  the 
hypocotyl  and  upper  part  of  tlie  radicle  themselves 
become  slightly  curved. 

The  above  movement  in  the  bean  was  repeatedly 
ueen  by  us  ;  but  our  observations  were  made  chiefly  on 
t^hasecliLS  muUiJlorus,  the  cotyledons  of  which  are  like- 


•  • 


Arbciton  dcs  hot.  In:^tit.  Wiirzburg,'  vol.  L  1873,  p.  103. 
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Chap.  H 


wise  hypogean.  Some  seedlings  with  well-deyeloped 
radicles  were  first  immersed  in  a  solution  of  perman- 
ganate of  potassium;  and,  judging  from  the  changes 
of  colour  (though  these  were  not  very  clearly  defined), 
the  hypocotyl  is  about  '3  inch  in  length.  Straight, 
thin,  black  lines  of  this  length  were  now  drawn  from 
the  bases  of  the  short  petioles  along  the  hypocotyh 


F  g.  50. 


Vidit  fabti:  gcrmioAting  seeds,  suspended  in  damp  air:  A,  with  radicle 
growing  perpendicularly  downwards  ;  B,  the  same  bean  after  24  hours 
and  after  the  radicle  has  curved  itself;  r,  radicle;  A,  short  hrpocotyl ; 
e,  epicotyi  appearing  as  a  knoh  in  A  and  as  an  arch  in  B ;  p,  petiole  of 
the  cotyledon,  the  latter  enclosed  within  the  seed-coats. 

of  23  germinating  seeds,  which  were  pinned  to  the 
lids  of  jars,  generally  w  ith  the  liilum  downwards,  and 
with  their  radicles  pointing  to  the  centre  of  the 
earth.  After  an  interval  of  from  24  to  48  hours  the 
black  lines  on  the  hypocotyls  of  16  out  of  the  23 
seedlings  became  distinctly  curved,  but  in  very 
various  degrees  (namely,  with  radii  between  20  and 
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80  mm.  on  Sachs'  cyclometer)  in  the  same  relative 
direction  as  showTi  at  B  in  Fig.  59.  As  geotropism 
will  obviously  tend  to  check  this  curvature,  seven 
seeds  were  allowed  to  germinate  with  proper  })re- 
cautions  for  their  growth  in  a  klinostat,*  by  which 
means  geotropism  was  eliminated.  The  position  of  the 
hypocotyls  was  observed  during  four  successive  days, 
and  they  continued  to  bend  towards  the  hilum  and 
lower  surface  of  the  seed.  On  the  fourth  day  they 
were  deflected  by  an  average  angle  of  63"^  from  a  line 
perpendicular  to  the  lower  surface,  and  were  therefore 
considerably  more  curved  than  the  hypocotyl  and 
radicle  in  the  bean  at  B  (Fig.  59),  though  in  the  same 
relative  direction. 

It  will,  we  presume,  be  admitted  that  all  leguminous 
plants  with  hypogean  cotyledons  are  descended  from 
forms  which  once  raised  their  cotyledons  above  the 
ground  in  the  ordinary  manner ;  and  in  doing  so,  it  is 
certain  that  their  hypocotyls  would  have  been  abruptly 
arched,  as  in  the  case  of  every  other  dicotyledonous 
plant.  This  is  especially  clear  in  the  case  of  Phaseolus, 
for  out  of  five  species,  the  seedlings  of  which  we 
observed,  namely,  P.  multiflorus,  caracaUa,  vulgaris, 
Hernandesii  and  Boxhurghii  (inhabitants  of  the  Old 
and  New  Worlds),  the  three  last-named  species  have 
well-developed  hypocotyls  which  break  through  the 
ground  as  arches.  Now,  if  we  imagine  a  seedling  of 
the  common  bean  or  of  P.  multifioruSy  to  behave  as  its 
progenitors  once  did,  the  hypocotyl  (A,  Fig.  59),  in 
whatever  position  the  seed  may  have  been  buried, 
would  become  so  much  arched  that  the  upper  part 
would  be  doubled  down  parallel  to  the  lower  part ;  and 


♦  An  instrument  devised  by  on  which  the  plant  undorolwrrvn- 
Snclis,  consisting  e^scntiflUy  of  a  Hon  is  supported  :  sec  *  Wurzburg 
■lovely  reroMng  horizontal  axis.      Aibeiteu,*  1879,  p.  209. 
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this  is  exactly  the  kind  of  curvature  which  actnalli 
occurs  in  tliese  two  plants,  though  to  a  much  lea' 
degree.  Therefore  we  can  hardly  doubt  that  their 
short  hypocotyls  have  retained  by  inheritance  a  ten- 
dency to  curve  themselves  in  the  same  manner  as  they 
did  at  a  former  period,  when  this  movement  was  highly 
importunt  to  them  for  breaking  through  the  ground, 
ihough  now  rendered  useless  by  the  cotyledons  being 
hypogean.  Rudimentary  structures  are  in  most  cases 
highly  variable,  and  we  might  expect  that  rudimentary 
or  olraolete  actions  would  bo  ecjually  so;  and  j^hs' 
curvature  varies  extremely  in  amount,  and  sometimes 
altogether  fails.  This  is  the  sole  instance  known  to 
us  of  the  inheritance,  though  in  a  feeble  degree,  of 
movements  which  have  become  superfluous 
changes  which  tlie  species  hiis  undergone. 
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Rudimentary    Cotyledons. — A  few 
subject  may  be  here  interpolated. 


'roift^^l 


remarks  on  this 
It  is  well  known 
that  some  dicotyle- 
donous plants  produce 
only  a  single  cotyle- 
don ;  for  instance,  cer- 
tain species  of  Bam 
cuius,  Corydalifl,  CI 
Tophyllum ;  and 
will  here  endeavour  to 
show  that  the  loss  of 
one  or  Iwlh  cotyle- 
dons is  apparently  due 

two  TontiK  Sfcdlinga;     to     ft  sUlXQ     of     nUtrf- 
][>■! ;  J,  .mailer  .:<.tjl«-  ...         ,    .  , 

!dhrpoco.)-l;r.n.dlele.     mcnt  hciUg  hlld  Hp  IH 

In  A  thu  epicotyi  ii  itiii  niqhea.  in  11  it   gome  Other  part,  as  in 
the  hypocofyl  or  one 
of  the  two  cotyledons,  or  one  of  the  secondary  radicles. 
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Fig.  61. 


With  the  orange  {Citrus  avraniiitm)  the  cotyledons  are 
hypogean,  and  one  is  larger  than  the  other,  as  may 
be  seen  in  A  (Fig.  60).  In  B  the  inequality  is  rather 
greater,  and  the  stem  has  grown  between  the  points 
of  insertion  of  the  two  petioles,  so  that  they  do  not 
stand  opposite  to  one  another;  in  another  case  the 
separation  amounted  to  one-fifth  of  an  inch.  The 
smaller  cotyledon  of  one  seedling 
was  extremely  thin,  and  not  half 
the  length  of  the  larger  one,  so  that 
it  was  clearly  becoming  rudimen- 
tary.* In  all  these  seedlings  the 
hypocotyl  was  enlarged  or  swollen. 
With  Ahronia  umhellata  one  of 
the  cotyledons  is  quite  rudimen- 
tary, as  may  be  seen  (c)  in  Fig.  61. 
In  this  specimen  it  consisted  of  a 
little  green  flap,  -g^'^th  inch  in 
length,  destitute  of  a  petiole  and 
covered  with  glands  like  those  on 
the  fully  developed  cotyledon  (c). 
At  first  it  stood  opposite  to  the  Ahronhi  umhciiita .-  seed- 
larger  cotyledon ;  but  as  the  petiole      *»"g  V^*''!  """^""^ "Jf 

f,^,        ^   '^  .  T     •        1  ^»  cotyledoD ;  c ,  rudi- 

of  the  latter  increased  in  length      meutary  cotyledon ;  a, 

and   grew  in   the   same   line  with 

the    hypocotyl   (A),   the   rudiment 

appeared  in  older  seedlings  as   if 

seated  some  way  down  the  hypocotyl.     With  Ahronia 

arenaria  there  is  a  similar  rudiment,  which  in  one 


enlarged  hypocotyl, 
with  a  heel  or  projec- 
tion (//)  at  the  lower 
end ;  r,  radicle. 


*  In  Pachira  aquaiica,  ns  de- 
scribed by  Mr.  R.  I.  Tiynch 
(*  Journal  Linn.  Soc.  Bot.'  vol. 
xviL  1878,  p.  147),  one  of  the 
hypogean  cotyleduns  is  of  im- 
menbo  size;  the  other  id  small 
and  soon  falls  off;  the  pair  do  not 
always  stand  opposite.  In  another 


and  very  different,  wat<r-plant, 
Trapa  mtfans^  oi)«  of  the  cotyle- 
dons, HIUhI  with  farinaceous 
mutter,  is  much  larj^frr  than  the 
other,  which  is  scarcely  visible, 
Rs  is  stftte<l  by  A  up:,  de  Cundolle, 
*  Physiologic  Vog.'  torn.  ii.  p.  834^ 
1832. 
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specimen  was  only  -rJ-o^l^  ^^^  ^^  another  ^jV^^^  ^^^h  in 
length;  it  ultimately  appeared  as  if  seated  halfway 
down  the  hypocotyl.  In  both  these  species  the  hypo- 
cotyl  is  so  much  enlarged,  especially  at  a  very  early 
age,  that  it  might  almost  be  called  a  conn.  The  lower 
end  forms  a  heel  or  projection,  the  use  of  which  will 
hereafter  be  described. 

In  Cyclamen  Persicum  the  hypocotyl,  even  whilst  still 
within  the  seed,  is  enlarged  into  a  regular  corm,*  and 
only  a  single  cotyledon  is  at  first  developed  (see  former 
Fig.  57.)  With  Ranunculus  ficaria  two  cotyledons  are 
never  produced,  and  here  one  of  the  secondary  radicles 
is  developed  at  an  early  age  into  a  so-called  bulb.f 
Again,  certain  species  of  Chaerophyllum  and  Corydalis 
produce  only  a  single  cotyledon  ;t  in  the  former  the 
hypocotyl,  and  in  the  latter  the  radicle  is  enlarged, 
according  to  Irmisch,  into  a  bulb. 

In  the  several  foregoing  cases  one  of  the  cotyledons 
is  delayed  in  its  development,  or  reduced  in  size,  or 
rendered  rudimentary,  or  quite  aborted  ;  but  in  other 
cases  both  cotyledons  are  represented  by  mere  rudi- 
ments. With  Opuntia  hasilaris  this  is  not  the  case, 
for  both  cotyledons  are  thick  and  large,  and  the 
hypocotyl  shows  at  first  no  signs  of  enlargement ;  but 
afterwards,  when  the  cotyledons  have  withered  and  dis- 
articulated themselves,  it  becomes  thickened,  and  from 
its  tapering  form,  together  with  its  smooth,  tough, 
brown  skin,  appears,  when  ultimately  drawn  down  to 
some  depth  into  the  soil,  like  a  root.     On  the  other 


•  Dr.  H.  GreBsncr.  *  Bot.  Zei- 
tung/  1874,  p.  824. 

t  LrmiBcii,  *Bcitia^e  zur  Mor- 
plinlogie  d«r  Pflanzen/  18.54,  pp. 
II,  12;  *liot.  Zeiluiig/  1874,  p. 
80.5. 

X  Delpino,  ^Rivista  Bolanioa,' 
1877,  p.  21.     It  it  evident  frorc 


Valid  er"8  nccount  ('Hist  Phys. 
t\eB  Plant('8(l*Europ«',*  torn  i.  1841, 
p.  149)  of  the  fjcmjinntion  of  the 
seeds  of  several  species  of  Cory- 
dalis, that  the  bulb  or  tubereule 
be<riD8  to  be  formed  at  an  ex* 
tremely  early  age. 
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hanil,  with  several  other  Cactea?,  the  hyix)cotyl  is  from 
the  first  much  enlarged,  and  both  cotyledons  are 
almost  or  quite  rudimentary.  Thus  with  Cereus  Land- 
beckii  two  little  triangular  projections,  representing  the 
cotyledons,  are  narrower  than  the  hypocotyl,  which  is 
pear-shaped,  with  the  point  downwards.  In  Bhij^salis 
cassytlui  the  cotyledons  are  represented  by  mere  points 
on  the  enlarged  hypocotyl.  In  Echinocactus  viridescens 
the  hypocotyl  is  globular,  with  two  little  pnmiinences 
on  its  summit.  In  Pilocereus  HouUetii  the  hypocotyl, 
much  swollen  in  the  upper  part,  is  merely  notched  on 
the  summit ;  and  each  side  of  the  notch  evidently  repre- 
sents a  cotyledon.  Stapelia  sarpedon,  a  member  of  the 
very  distinct  family  of  the  Asclepiadea%  is  fleshy  like 
a  cactus  ;  and  here  again  the  upper  part  of  tlie  flattened 
hypocotyl  is  much  thickened  and  bears  two  minute  coty- 
ledons, which,  measured  interpally,  were  only  'lo  incli 
in  length,  and  in  breadth  not  equal  to  one-fourth  of  the 
diameter  of  the  hypocotyl  in  its  narrow  axis ;  yet  these 
minute  cotyledons  are  probably  not  quite  useless,  for 
when  the  hypocotyl  breaks  through  the  ground  in  the 
form  of  an  arch,  they  are  closed  or  pressed  against  one 
another,  and  thus  protect  the  plumule.  They  after- 
wards open. 

From  the  several  cases  now  given,  which  refer  to 
widely  distinct  plants,  we  may  infer  that  there  is  some 
close  connection  between  the  reduced  size  of  one  or 
both  cotyledons  and  the  formation,  by  the  enlargement 
of  the  hypocotyl  or  of  the  radicle,  of  a  so-called  bulb. 
But  it  may  be  asked,  did  the  cotyledons  first  tend  to 
abort,  or  did  a  bulb  first  begin  to  be  fornujd?  As 
all  dicotyledons  naturally  produce  two  well-developcxl 
cotyledons,  whilst  the  thickness  of  the  hypocotyl  and 
of  the  radicle  diflers  much  in  dififerent  plants,  it  seems 
probable   that  these  latter  organs  fii*st  became  from 
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Bome  cause  thickened — in  scTcral  instances  apparently 
in  correlation  with  the  fleshy  nature  of  the  mature 
plant — so  as  to  contain  a  store  of  nutriment  sufficient 
for  the  seedling,  and  then  that  one  or  both  cotyledons, 
from  being  superfluous,  decreased  in  size.  It  is  not 
surprising  that  one  cotyledon  alone  should  sometimes 
have  been  thus  affected,  for  with  certain  plants,  for 
instance  the  cabbage,  the  cotyledons  are  at  first  of 
unequal  size,  owing  apparently  to  the  manner  in  which 
they  are  packed  within  the  seed.  It  does  not,  how- 
ever, follow  from  the  above  connection,  that  whenever 
a  bulb  is  formed  at  an  early  age,  one  or  both  coty- 
ledons will  necessarily  become  superfluous,  and  conse- 
quently more  or  less  rudimentary.  Finally,  these 
cases  offer  a  good  illustration  of  the  principle  of  com- 
pensation or  balancement  of  growth,  or,  as  Goethe 
expresses  it,  "  in  order  to  spend  on  one  side,  Nature 
is  forced  to  economise  on  the  other  side." 

Circumnutation  and  other  movements  of  Hi/j^ocotyh 
and  Epicotyls,  whilst  still  arched  and  buried  beneath 
tlie  (/round,  and  whilst  breahing  through  it. — According 
to  the  position  in  which  a  seed  may  chance  to 
have  been  buried,  the  arched  hypocotyl  or  epicoty) 
will  begin  to  protrude  in  a  horizontal,  a  more  or 
less  inclined,  or  in  a  vertical  plane.  Except  when 
already  standing  vertically  upwards,  both  legs  of  the 
arch  are  acted  on  from  tlie  earliest  period  by  apo- 
geotropism.  Consequently  they  both  bend  upwards, 
until  the  arch  becomes  vertical.  During  the  whole  of 
this  process,  even  before  the  arch  has  broken  through 
the  ground,  it  is  continually  trying  to  circumnutate 
to  a  slight  extent ;  as  it  likewise  does  if  it  happens  at 
first  to  stand  vertically  up, — all  which  cases  have 
been  observed  and  described,  more  or  less  fully,  in 
the  last  chapter.     After  the  arch  has  grown  to  some 
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height  upwards,  the  basal  part  ceases  to  circumnutate, 
whilst  the  upper  part  continues  to  do  so. 

That  an  arched  hypocotyl  or  epicotyl,  with  the  two 
legs  fixed  in  the  ground,  should  be  able  to  cir- 
cumnutate, seemed  to  us,  until  we  had  read  Prof. 
AViesner  8  obsen^ations,  an  inexplicable  fact.  He  has 
shown*  in  the  case  of  certain  seedlings,  whose  tips 
are  bent  downwards  (or  which  nutate),  that  whilst  the 
jx)sterior  side  of  the  upper  or  dependent  portion  grows 
quickest,  the  anterior  and  opposite  side  of  the  basal 
portion  of  the  same  interuode  grows  quickest ;  these 
two  portions  being  separated  by  an  indifiFerent  zone, 
where  the  growth  is  equal  on  all  sides.  There  may 
even  be  more  than  one  indifiFerent  zone  in  the  same 
internode ;  and  the  opposite  sides  of  the  parts  above 
and  below  each  such  zone  grow  quickest.  This  pecu- 
liar manner  of  growth  is  called  by  Wiesner  "un- 
dulatory  nutation."  Circumnutation  depends  on  one 
side  of  an  organ  growing  quickest  (probably  preceded 
by  increased  turgescence),  and  then  another  side, 
generally  almost  the  opiK)site  one,  growing  quickest. 
Now  if  we  look  at  an  arch  like  this  [\  and  suppose 
the  whole  of  one  side — we  will  say  the  whole  convex 
side  of  both  legs — to  increase  in  length,  this  would 
not  cause  the  arch  to  bend  to  either  side.  But  if  the 
outer  side  or  surface  of  the  left  leg  were  to  increase 
in  length  the  arch  would  be  pushed  over  to  the  right, 
and  this  would  be  aided  by  the  inner  side  of  the 
right  leg  increasing  in  length.  If  afterwards  the 
process  were  reversed,  the  arch  would  be  pushed  over 
to  the  opposite  or  left  side,  and  so  on  alternately, — 
that  is,  it  would  circumnutate.     As  an  arched  hypo- 


•  *Die    undulirende   Nutation      Al-o    publishc*!    separately    set 
<!cr  Internodiei)/    Akad.  der  Wis-       p.  32. 
H^Hf'h.  (VioDua),  Jan.  17th,  1878. 
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cotyl,  with  the  two  legs  fixed  in  the  ground,  certainly 
circumnutates,  and  as  it  consists  of  a  single  internode, 
we  may  conclude  that  it  grows  in  the  manner  de- 
scribed by  Wiesner.  It  may  be  added,  that  the  crown 
of  the  arch  does  not  grow,  or  grows  very  slowly,  for 
it  does  not  increase  much  in  breadth,  whilst  the  arch 
itself  increases  greatly  in  height. 

The  circumnutating  movements  of  arched  hypo- 
cotyls  and  epicotyls  can  hardly  fail  to  aid  them  in 
breaking  through  the  ground,  if  this  be  damp  and 
soft;  though  no  doubt  their  emergence  depends 
mainly  on  the  force  exerted  by  their  longitudinal 
growth.  Although  the  arch  circumnutates  only  to  a 
slight  extent  and  probably  with  little  force,  yet  it  is 
able  to  move  the  soil  near  the  surface,  though  it  may 
not  be  able  to  do  so  at  a  moderate  depth.  A  pot  with 
seeds  of  Solarium  palinacanthum,  the  tall  arched  hypo- 
cotyls  of  which  had  emerged  and  were  growing  rather 
slowly,  was  covered  with  fine  argillaceous  sand  kept 
damp,  and  this  at  first  closely  surrounded  the  bases  of 
the  arches ;  but  soon  a  narrow  open  crack  was  formed 
round  each  of  them,  which  could  be  accounted  for 
only  by  their  having  pushed  away  the  sand  on  all 
sides ;  for  no  such  cracks  surrounded  some  little  sticks 
and  pins  which  had  been  driven  into  the  sand.  It 
has  already  been  stated  that  the  cotyledons  of  Phalaris 
and  Avena,  the  plumules  of  Asparagus  and  the  hypo- 
cotyls  of  Brassica,  were  likewise  able  to  displace  the 
same  kind  of  sand,  either  whilst  simply  circumnu* 
tating  or  whilst  bending  towards  a  lateral  light. 

As  long  as  an  arched  hypocotyl  or  epicotyl  remains 
buried  beneath  the  ground,  the  two  legs  cannot  sepa- 
rate from  one  another,  except  to  a  slight  extent  from 
the  yielding  of  the  soil;  but  as  soon  as  the  arch 
rises  above   the  ground,  or  at   an   earlier   period   if 
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the  pressure  of  the  surrounding  earth  be  artificijilly 
removed,  the  arch  immediately  begins  to  straighten 
itself.  This  no  doubt  is  due  to  growth  along  the 
whole  inner  surface  of  both  legs  of  the  arch ;  such 
growth  being  checked  or  prevented,  as  long  as  the  two 
legs  of  the  arch  are  firmly  pressed  together.  When  the 
earth  is  removed  all  round  an  arch  and  the  two  legs 
are  tied  together  at  their  bases,  the  growth  on  tlie 
under  side  of  the  crown  causes  it  after  a  time  t(» 
l)ecome  much  flatter  and  broader  than  naturally 
occurs.  The  straightening  process  consists  of  a  mo- 
dified form  of  circumnutation,  for  the  lines  described 
during  this  process  (as  with  the  hypocotyl  of  Brassica, 
and  the  epicotyls  of  Vicia  and  Corylus)  were  often 
plainly  zigzag  and  sometimes  looped.  After  hyjxv 
cotyls  or  epicotyls  have  emerged  from  the  ground, 
they  quickly  become  perfectly  straight.  No  trace  is 
left  of  their  former  abrupt  curvature,  excepting  in  the 
case  of  Allium  cepay  in  which  the  cotyledon  rarely 
becomes  quite  straight,  owing  to  the  protuberance 
developed  on  the  crown  of  the  arch. 

The  increased  growth  along  the  inner  surface  of  tlie 
arch  which  renders  it  straight,  apparently  begins  in 
the  basal  leg  or  that  which  is  united  to  the  radicle ; 
for  this  leg,  as  we  often  observed,  is  first  bowed  back- 
wards from  the  other  leg.  This  movement  facilitates 
the  withdrawal  of  the  tip  of  the  epicotyl  or  of  the 
cotyledons,  as  the  case  may  be,  from  witliin  the  seed- 
coats  and  from  the  ground.  But  the  cotyledons  often 
emerge  from  the  ground  still  tightly  enclosed  witliin 
the  seed-coats,  which  apparently  serve  to  protect  them. 
The  seed-coats  are  afterwards  ruptured  and  cast  oflf  by 
the  swelling  of  the  closely  conjoined  cotyledons,  and  not 
by  any  movement  or  their  separation  from  one  another. 

Nevertheless,  in  some  few  cases,  especially  with  the 
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Cucurbitacere,  the  seed-coats  are  ruptured  by  a  curious 
contrivance,  described  by  ]M.  Flahault.*  A  heel  or 
peg  is  developed  on  one  side  of  the  summit  of  the 
radicle  or  base  of  the  hypocotyl ;  and  this  holds  down 
the  lower  half  of  the  seed-coats  (the  radicle  being 
fixed  into  the  ground)  whilst  the  continued  growth  of 

the  arched  hypocotyl  forces  up- 
wards tlie  upper  half,  and  tears 
asunder  the  seed-coats  at  one  end, 
and  the  cotyledons  are  then  easily 
withdrawn.  The  accompanying 
figure  (Fig.  C2)  will  render  this 
description  intelligible.  Forty- 
one  seeds  of  Cucurbit  a  ovifera 
were  laid  on  friable  peat  and  were 
covered  by  a  layer  about  an  inch 
in  thickness,  not  much  pressed 
down,  so  that  the  cotyledons  in 
being  dragged  up  were  subjected 
to  very  little  friction,  yet  forty  of 
them  came  up  naked,  the   seed- 

Cucurhita  ovifrra :    eeimi-  ,     ^     .         i    /^i.  i        •     i  •_  j.i  j. 

nating  seed,  showing  the  coats  being  left  buricd  in  the  peat. 
heel  or  peg  projecting  This  was  certainly  ducto  the  actiou 

on  one  «ide  from  summit       «     .  «  ,  .. 

of  radicle  and  holding  of  the  peg,  for  when  it  vas  pre- 
down  lower  tip  of  seed-  ycntcd  from  acting,  the  cotyledons, 

coats  which  have  been 

partially  rui.tured  by  as   we   shall   presently  see,   were 
the  growth  of  the  arched  ]j£|^j  „p  ^^[]i  encloscd   in   their 

hvpocutyl.  * 

seed-coats.  Ihey  were,  however, 
cast  off  in  tne  course  of  two  or  three  days  by  the 
swelling  of  the  cotyledons.  Until  this  occurs  light  is 
excluded,  and  the  cotyledons  cannot  decompose  car- 
bonic acid ;  but  no  one  probably  would  have  thought 
that  the  advantage  thus  gained  by  a  little  earlier  cast- 


•  •  Bull.  Soc.  Dot.  dc  France/  lorn.  xxiv.  1877,  p.  201. 
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ing  oflf  of  the  seed-coats  would  be  suflicient  to  account 
for  the  development  of  the  peg.  Yet,  according:  to 
JI.  Fhihault,  seedlings  which  have  been  prevented 
from  casting  their  seed-coats  whilst  beneath  tl?e 
ground,  are  inferior  to  those  which  have  emerged  with 
their  cotyledons  naked  and  ready  to  act. 

The  peg  is  developed  with  extraordinary  rapidity , 
for  it  could  only  just  be  distinguished  in  two  seed- 
lings, having  radicles  '35  inch  in  length,  but  after  an 
interval  of  only  24  hours  was  well  developed  in 
both.  It  is  formed,  according  to  Flahault,  by  the 
enlargement  of  the  layers  of  the  cortical  parenchyma 
at  the  base  of  the  hypocotyl.  If,  however,  we  judge 
by  the  efiTects  of  a  solution  of  permanganate  of 
potiissium,  it  is  developed  on  the*  exact  line  of 
junction  between  the  hypocotyl  and  radicle;  for 
the  flat  lower  surface,  as  well  as  the  edges,  were 
coloured  brown  like  the  radicle;  whilst  the  upper 
slightly  inclined  surface  was  left  uncoloured  like  the 
hypocotyl,  excepting  indeed  in  one  out  of  33  im- 
mersed seedlings  in  which  a  large  part  of  the  upper  sur- 
face was  coloured  brown.  Secondary  roots  sometimes 
spring  from  the  lower  surface  of  the  peg,  which  thus 
seems  in  all  respects  to  partake  of  the  nature  of  the 
radicle.  The  peg  is  always  developed  on  the  side  which 
becomes  concave  by  the  arching  of  the  hypocotyl; 
and  it  would  be  of  no  service  if  it  were  formed  on  any 
other  side.  It  is  also  always  developed  with  the  flat 
lower  side,  which,  as  just  stated,  forms  a  part  of  the 
radicle,  at  right  angles  to  it,  and  in  a  horizontal  plane*. 
This  fact  was  clearly  shown  by  burying  some  of  the 
thin  flat  seeds  in  the  same  position  as  in  Fig.  62, 
excepting  that  they  were  not  laid  on  their  flat  broad 
sideSy  but  with  one  edge  downwards.  Nine  seeds 
were  thus  planted,  and  the  peg  wa,s  developed  in  the 
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same  position,  relatively  to  the  radicle,  as  in  the 
Dgure;  consequently  it  did  not  rest  on  the  flat  tip 
ol'  the  lower  half  of  the  seed-coats,  but  was  inserted 
like  a  wedge  between  the  two  tips.  As  the  arched 
hypocotyl  grew  upwards  it  tended  to  draw  up  the 
whole  seed,  and  the  peg  necessarily  rubbed  against 
both  tips,  but  did  not  hold  either  down.  The  result 
w£is,  that  the  cotyledons  of  five  out  of  the  nine  seeds 
thus  placed  were  raised  above  the  ground  still  enclosed 
within  their  seed-coats.  Four  seeds  were  buried  with 
the  end  from  which  the  radicle  protrudes  pointing 
vertically  downwards,  and  owing  to  the  peg  being 
always  developed  in  the  same  position,  its  apex  alone 
came  into  contact  with,  and  rubbed  etgainst  the  tip  on 
one  side ;  the  result  was,  that  the  cotyledons  of  all 
four  emerged  still  within  their  seed-coats.  These  cases 
show  us  how  the  peg  acts  in  co-ordination  with  the 
position  which  the  flat,  thin,  broad  seeds  would  almost 
always  occupy  when  naturally  sown.  When  the  tip 
of  the  lower  half  of  the  seed-coats  was  cut  ofi*,  Flahault 
found  (as  we  did  likewise)  that  the  peg  could  not  act, 
since  it  had  nothing  to  press  on,  and  the  cotyledons 
were  raised  above  the  ground  with  their  seed-coats  not 
cast  ofi*.  Lastly,  nature  shows  us  the  use  of  the  peg ; 
for  in  the  one  Cucurbitaceous  genus  known  to  us,  in 
which  the  cotyledons  are  hypogean  and  do  not  cast 
their  seed-coats,  namely,  Megarrhiza,  there  is  no 
vestige  of  a  peg.  This  structure  seems  to  be  present 
in  most  of  the  other  genera  in  the  family,  judging  from 
Flahault's  statements ;  we  found  it  well-developed  and 
properly  acting  in  Trichosanthes  anguina,  in  which  we 
hardly  expected  to  find  it,  as  the  cotyledons  are  some- 
what thick  and  fleshy.  Few  cases  can  be  advanced 
of  a  structure  better  adapted  for  a  special  purpose 
than  the  present  one. 
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With  Mimosa  pudica  the  radicle  protrudes  from  a 
small  hole  in  the  sharp  edge  of  the  seed ;  and  on  its 
8ummity  where  united  with  the  hypocotyl,  a  transverse 
ridge  is  developed  at  an  early  age,  which  clearly  aids 
in  splitting  the  tough  seed-coats ;  but  it  does  not  aid 
in  casting  them  off,  as  this  is  subsequently  effected  by 
the  swelling  of  the  cotyledons  after  they  have  been 
raised  above  the  ground.  The  ridge  or  heel  therefore 
acts  rather  differently  from  that  of  Cucurbita,  Its 
lower  surface  and  the  edges  were  coloured  brown  by 
the  permanganate  of  potassium,  but  not  the  upper 
surface.  It  is  a  singular  fact  that  after  the  ridge  has 
done  its  work  and  has  escaped  from  the  seed-coats, 
it  is  developed  into  a  frill  all  round  the  summit  of  the 
radicle.* 

At  the  base  of  the  enlarged  hypocotyl  of  Ahronia 
umbdlaia,  where  it  blends  into  the  radicle,  there  is  a 
projection  or  heel  which  varies  in  shape,  but  its  out- 
line is  too  angular  in  our  former  figure  (Fig.  61).  The 
radicle  first  protrudes  from  a  small  hole  at  one  end  of 
the  tough,  leathery,  winged  fruit.  At  this  period  the 
upper  part  of  the  radicle  is  packed  within  the  fruit 
parallel  to  the  hypocotyl,  and  the  single  cotyledon  is 
doubled  back  parallel  to  the  latter.  The  swelling  of 
these  three  parts,  and  especially  the  rapid  development 
of  the  thick  heel  between  the  hypocotyl  and  radicle 
at  the  point  where  they  are  doubled,  ruptures  the 
tough  fruit  at  the  upper  end  and  allows  the  arched 
hypocotyl  to  emerge ;  and  this  seems  to  be  the  function 
of  the   heel.     A  seed  was  cut  out  of  the  fruit  and 


♦  Our  attention  was  CiJled  to  nt  the  jimt  tion  of  tlie  radicle  and 

this  case  by  a  brief  btutement  by  hypocotyl.    This  t-eed  po^;»e8.s<.'8  a 

Nobbe    in    hia    *  Handburh   der  very  hard  and  tough  cout,  and 

8iimenkunde,'  1876.  p.  215,  where  would  bo  likely  to  require  aid  in 

a  figui-e  isalso  pivenof  aseedling  bursting  and  fneing  the  ctyle- 

of  Marty nia  with  a  heel  or  ridge  dons. 
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allowed  to  germinate  in  damp  air,  and  now  a  thin 
flat  disc  was  developed  all  round  the  base  of  the 
hypocotyl  and  grew  to  an  extraordinary  breadth,  like 
the  frill  described  under  Mimosa,  but  somewhat  broader. 
Flahault  says  that  with  Mirabilis,  a  member  of  the 
same  fiimily  with  Abronia,  a  heel  or  collar  is  developed 
all  round  the  base  of  the  hypocotyl,  but  more  on  one 
side  than  on  the  other;  and  that  it  frees  the  coty- 
ledons from  their  seed-coats.  We  observed  only  old 
seeds,  and  these  were  ruptured  by  the  absorption  of 
moisture,  independently  of  any  aid  from  the  heel  and 
before  the  protrusion  of  the  radicle ;  but  it  does  not 
follow  from  our  experience  that  fresh  and  tough  fruits 
would  behave  in  a  like  manner. 

In  concluding  this  section  of  the  present  chapter  it 
luay  be  convenient  to  summarise,  under  the  form  of  an 
illustration,  the  usual  movements  of  the  hypocotyls 
and  epicotyls  of  seedlings,  whilst  breaking  through  the 
ground  and  immediately  afterwards.  We  may  suppose 
a  man  to  be  thrown  down  on  his  hands  and  knees,  and 
at  the  same  time  to  one  side,  by  a  load  of  hay  falling 
on  him.  He  would  first  endeavour  to  get  his  arched 
back  upright,  wriggling  at  the  same  time  in  all 
directions  to  free  himself  a  little  from  the  surrounding 
pressure ;  and  this  may  represent  the  combined  effects 
of  apogeotropism  and  circumnutation,  when  a  seed  is  so 
buried  that  the  arched  hypocotyl  or  epicotyl  protrudes 
at  first  in  a  horizontal  or  inclined  plane.  The  man, 
still  wriggling,  would  then  raise  his  arched  back  as 
high  as  he  could ;  and  this  may  represent  the  growth 
and  continued  circumnutation  of  an  arched  hypocotyl 
or  epicotyl,  before  it  has  reached  the  surface  of  the 
ground.  As  soon  as  the  man  felt  himself  at  all  free,  he 
would  raise  the  nppcr  part  of  his  body,  whilst  still  on 


Chap.  IL  CIRCUMNUTATION  OF  HYl'OCOTYLS,  KTC.    107 

liis  knees  and  still  wriggling ;  and  this  may  represent 
the  bowing  backwards  of  the  basal  leg  of  the  arch, 
which  in  most  cases  aids  in  the  withdrawal  of  the 
cotyledons  from  the  buried  and  ruptured  seed-coats, 
and  the  subsequent  straightening  of  the  whole  hypo- 
cotyl  or  epicotyl — eircumnutation  still  continuing. 

Circumnutation  of  Hijpocotyh  and  Eidcotijh,  nhen 
erect — The  hypocotyls,  epicotyls,  and  first  shoots  of  the 
many  seedlings  observed  by  us,  after  they  had  become 
straight  and  erect,  circumnutated  continuously.  The 
diversified  figures  described  by  them,  often  during  two 
successive  days,  have  been  shown  in  the  woodcuts  in 
the  last  chapter.  It  should  be  recollected  that  the 
dots  were  joined  by  straight  lines,  so  that  the  figures 
are  angular;  but  if  the  observations  had  been  made 
every  few  minutes  the  lines  would  have  been  more 
or  less  curvilinear,  and  irregular  ellipses  or  ovals,  or 
perhaps  occasionally  circles,  would  have  been  formed. 
The  direction  of  the  longer  axes  of  the  ellipses  made 
during  the  same  day  or  on  successive  days  generally 
changed  completely,  so  as  to  stand  at  right  angles  to 
one  another.  The  number  of  irregular  ellipses  or 
circles  made  within  a  given  time  difiera  much  with 
diflferent  species.  Thus  with  Brassica  oleracea,  CerirUhe 
major,  and  Cucurbita  ovifera  about  four  such  figures 
were  completed  in  12  h. ;  whereas  with  Solanum  palina- 
carUhum  and  Opuutia  hasilaris,  scarcely  more  than  one. 
The  figures  likewise  differ  greatly  in  size ;  thus  they 
were  very  small  and  in  some  degree  doubtful  in  Stapelia, 
and  large  in  Brassica,  &c.  The  ellipses  described  by 
Laikyrua  nissolia  and  Brassica  were  narrow,  whilst 
those  made  by  the  Oak  were  broad.  The  figures  are 
often  complicated  by  small  loops  and  zigzag  lines. 

As  most  seedling  plants  before  the  development 
of  true  leaves  are  of  low,  sometimes  very  low  stature, 
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fclie  extreme  amount  of  movement  from  side  to  side 
of  their  circumnutating  stems  was  small;  that  of 
the  hypocotyl  of  Githago  segetum  was  about  '2  of  an 
inch,  and  that  of  Cucuroita  ovifera  about  "28.  A 
very  young  shoot  of  Lathijrus  nissoUa  moved  about 
•14,  that  of  an  American  oak  "2,  that  of  the  common 
nut  only  "04,  and  a  rather  tall  shoot  of  the  Asparagus 
•11  of  an  inch.  The  extreme  amount  of  movement 
of  the  sheath-like  cotyledon  of  Phalaris  Canarienms 
was  '3  of  an  inch ;  but  it  did  not  move  very  quickly, 
the  tip  crossing  on  one  occasion  five  divisions  of  the 
micrometer,  that  is,  y^^th  of  an  inch,  in  22  m.  5  s.  A 
seedling  Nolana  prostrata  travelled  the  same  distance 
in  10  m.  38  s.  Seedling  cabbages  circumutated  much 
more  quickly,  for  the  tip  of  a  cotyledon  crossed 
I  ^(jth  of  an  inch  on  the  micrometer  in  3  m.  20  s. ;  and 
this  rapid  movement,  accompanied  by  incessant  oscil- 
lations, was  a  wonderful  spectacle  when  beheld  under 
the  microscope. 

The  absence  of  light,  for  at  least  a  day,  does  not 
interfere  in  the  least  with  the  circumnutation  of  the 
hyjx)cotyIs,  epicotyls,  or  young  shoots  of  the  various 
dicotyledonous  seedlings  observed  by  us  ;  nor  with  that 
of  the  young  shoots  of  some  monocotyledons.  The 
circumnutation  was  indeed  much  plainer  in  darkness 
than  in  light,  for  if  the  light  was  at  all  lateral  the 
stem  bent  towards  it  in  a  more  or  less  zigzag  course. 

Finally,  the  hypocotyls  of  many  seedlings  are  drawn 
during  the  winter  into  the  ground,  or  even  beneath  it 
so  that  they  disappear.  This  remarkable  process, 
which  apparently  serves  for  their  protection,  has 
been  fully  described  by  De  Vries.*     He  shows  that 


♦  •  Bot.  Zftitnnjr/  1870,  p.  649.  burj?,'  Jahrg.  xvi.  p.  16,  as  qaotod 
See  also  WinkUr  in  *Verhandl.  by  liKberlnndt, *  SchutzeiDrichun- 
des  Bot  Yereius  der  P.  BruDden-      gen  der  Keimpflanze,'  1877,  p.  fi2 
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it  is  effected  by  the  contraction  of  the  parenchyma- 
cells  of  the  root.  But  tlie  hyi)oc()tyl  itself  in  some 
cases  contracts  greatly,  and  although  at  first  smooth 
becomes  covered  with  zigzag  ridges,  as  we  observed 
with  Githago  segetum.  How  much  of  the  drawing 
down  and  burying  of  the  hypocotyl  of  Opuntia  hasilaris 
was  due  to  the  contraction  of  this  part  and  how  much 
to  that  of  the  radicle,  we  did  not  observe. 

Circumnutation  of  Cotyledons, —  With  all  the  dico- 
tyledonous seedlings  described  in  the  last  chapter,  the 
cotyledons  were  in  constant  movement,  chiefly  in  a  ver- 
tical plane,  and  commonly  once  up  and  once  down  in 
the  course  of  the  24  hours.  But  there  were  many  excep- 
tions to  such  simplicity  of  movement ;  thus  the  cotyle- 
dons of  Ipom<Ba  casrulea  moved  13  times  either  upwards 
or  downwards  in  the  course  of  16  h.  18  m.  Those  of 
CkDalis  rosea  moved  in  the  same  manner  7  times  in  the 
course  of  24  h. ;  and  those  of  Cassia  tor  a  described  5 
irregular  ellipses  in  9  h.  The  cotyledons  of  some 
individuals  of  Mimosa  piidica  and  of  Lotus  Jacobasus 
moved  only  once  up  and  down  in  24  h.,  whilst  those  of 
others  performed  within  the  same  period  an  additional 
small  oscillation.  Thus  with  different  species,  and 
with  different  individuals  of  the  same  species,  there 
were  many  gradations  from  a  single  diurnal  move- 
ment to  oscillations  as  complex  as  those  of  the 
Ipomoea  and  Cassia.  The  opposite  cotyledons  on  the 
same  seedling  move  to  a  certain  extent  independently 
of  one  another.  This  was  conspicuous  with  those  of 
Oxalis  sensitiva^  in  which  one  cotyledon  might  be 
seen  during  the  daytime  rising  up  until  it  stood 
vertically,  whilst  the  opposite  one  was  sinking  down. 

Although  the  movements  of  cotyledons  were  gene- 
rally in  nearly  the  same  vertical  plane,  yet  their 
upward  and  dowTiward   courses  never  exactly  coin- 
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cided ;  so  that  ellipses,  more  or  less  narrow,  were 
described,  and  the  cotyledons  may  safely  be  said  to 
have  circumnutated.  Nor  could  tliis  fact  be  accounted 
for  by  the  mere  increase  in  length  of  the  cotyledons 
through  growth,  for  this  by  itself  would  not  induce 
any  lateral  movement.  That  there  was  lateral  move- 
ment in  some  instances,  as  with  the  cotyledons  of  the 
cabbage,  was  evident;  for  these,  besides  moving  up 
and  down,  changed  their  course  from  right  to  left  12 
times  in  14  h.  15  m.  With  Solanum  hjcopersicum  the 
cotyledons,  after  falling  in  the  forenoon,  zigzagged 
from  side  to  side  between  12  and  4  P.M.,  and  then 
commenced  rising.  The  cotyledons  of  Lupinus  luteua 
are  so  thick  (about  '08  of  an  inch)  and  fleshy,*  that 
they  seemed  little  likely  to  move,  and  wore  there- 
fore observed  with  especial  interest;  they  certainly 
moved  largely  up  and  down,  and  as  the  line  traced  was 
zigzag  there  was  some  lateral  movement.  The  nine 
cotyledons  of  a  seedling  Pinus  pinaster  plainly  circum- 
nutated ;  and  tlie  figures  described  approached  more 
nearly  to  irregular  circles  than  to  irregular  ovals  or 
ellipses.  The  sheath-like  cotyledons  of  the  Gra- 
minefB  circumnutate,  that  is,  move  to  all  sides,  as 
plainly  as  do  the  hypocotyls  or  epicotyls  of  any  dico- 
tyledonous plants.  Lastly,  the  very  young  fronds  of 
a  Fern  and  of  a  Selaginella  circumnutated. 

In  a  large  majority  of  the  cases  which  were  care- 
fully observe<l,  the  cotyledons  sink  a  little  downwards 
in  the  forenoon,  and  rise  a  little  in  the  afternoon  or 
evening.  They  thus  stand  rather  more  highly  inclined 
duiing  the  night  tlian  during  the  mid-day,  at  which 

♦  TliP cotylc^lons.  tl.oui^h  bri^jht  Ac  ,  1877,  p.  95%  on  the  gradations 
green,  rcsernblo  to  a  ceiUiin  e x-  in  tlie  Leguniinoeas  between  sub- 
tent  hypogeaii  onr*;  we  the  in-  niirial  and    subterranciin   cotvl» 
terestinj;    discus.- ion    by   Huber-  dons. 
landt  ('Die  Schutzeinii«htiingen,* 
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time  they  are  expanded  almost  horizontally.  The 
circumnutating  movement  is  thus  at  least  partially 
periodic,  no  doubt  in  connection,  as  we  shall  hereafter 
see,  with  the  daily  alternations  of  light  and  darkness. 
The  cotyledons  of  several  plants  move  up  so  much  at 
uight  as  to  stand  nearly  or  quite  vertically;  and  in 
tins  latter  case  ihey  come  into  close  contact  with  one 
another.  On  the  other  hand,  the  cotyledons  of  a 
few  plants  sink  almost  or  quite  vertically  down  at 
night ;  and  in  this  latter  case  they  clasp  the  upper 
part  of  the  hypocotyl.  In  the  same  genus  Oxalis  the 
cotyledons  of  certain  species  stand  vertically  up,  and 
those  of  other  species  vertically  down,  at  night.  In 
all  such  cases  the  cotyledons  may  be  said  to  sleep, 
for  they  act  in  the  same  manner  as  do  the  leaves  of 
many  sleeping  plants.  This  is  a  movement  for  a 
special  purpose,  and  will  therefore  be  considered  in  a 
future  chapter  devoted  to  this  subject. 

In  order  to  gain  some  rude  notion  of  the  proportional 
number  of  cases  in  which  the  cotyledons  of  dico- 
tyledonous plants  (hypogean  ones  being  of  course 
excluded)  changed  their  position  in  a  conspicuous 
manner  at  night,  one  or  more  species  in  several 
genera  were  cursorily  observed,  besides  those  described 
in  the  last  chapter.  Altogether  153  genera,  included 
in  as  many  families  as  could  be  procured,  were  thus 
observed  by  us.  The  cotyledons  were  looked  at  in 
the  middle  of  the  day  and  again  at  night ;  and  those 
were  noted  as  sleeping  which  stood  either  vertically 
or  at  an  angle  of  at  least  60^  above  or  beneath  the 
horizon.  Of  such  genera  there  were  26  ;  and  in  21  of 
them  the  cotyledons  of  some  of  the  species  rose,  and 
in  only  6  sank  at  night;  and  some  of  these  latter 
cases  are  rather  doubtful  from  causes  to  be  explained 
in  the  chapter  on  the  sleep  of  cotyledons.  When 
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cotyledons  which  at  noon  were  nearly  horizontal,  stood 
at  night  at  more  than  20°  and  less  than  60°  above  the 
horizon,  they  were  recorded  as  "  plainly  raised ;"  and 
of  such  genera  there  were  38.  We  did  not  meet  with 
any  distinct  instances  of  cotyledons  periodically  sink- 
ing only  a  few  degrees  at  night,  although  no  doubt 
such  occur.  We  have  now  accounted  for  64  genera 
out  of  the  153,  and  there  remain  89  in  which  tho 
cotyledons  did  not  change  their  position  at  night  by 
as  much  as  20° — that  is,  in  a  conspicuous  manner 
which  could  easily  be  detected  by  the  unaided  eye  and 
by  memory ;  but  it  must  not  be  inferred  from  this 
statement  that  these  cotyledons  did  not  move  at  all, 
for  in  several  cases  a  rise  of  a  few  degrees  was  re- 
corded, when  they  were  carefully  observed.  The 
number  80  might  have  been  a  little  increased,  for  the 
cotyledons  remained  almost  horizontal  at  night  in 
some  species  in  a  few  genera,  for  instance,  Trifo- 
lium  and  Geranium,  which  are  included  amongst  the 
sleepers,  such  genera  might  therefore  have  been  added 
to  the  89.  Again,  one  species  of  Oxalis  generally 
raised  its  cotyledons  at  night  more  than  20°  and  less 
than  60°  .above  the  horizon  ;  so  that  this  genus  might 
have  been  included  under  two  heads.  But  as  several 
species  in  the  same  genus  were  not  often  observed, 
such  double  entries  have  been  avoided. 

In  a  future  chapter  it  will  be  shown  that  the  leaves 
of  many  plants  which  do  not  sleep,  rise  a  few  degrees  in 
the  evening  and  during  the  early  part  of  the  night; 
and  it  will  be  convenient  to  defer  until  then  the 
consideration  of  the  periodicity  of  the  movements  of 
cotyledons. 

On  the  Pulvini  or  Joints  of  Cotyledons. — With  several 
of  the  seedlings  described  in  this  and  the  last  chapter, 
the  summit  of  the  petiole  is  developed  into  a  pulvinus. 
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cushion,  or  joiut  (as  this  orgmi  hiis  b<t;ii  vorionaly 
called),  like  that  with  which  many  loaves  are  jmividcd. 
It  cousiitts  of  a  mass  of  small  cells  usually  of  a  pulo 
colour  from  the  absence  of  chlorophyll,  and  with  its 
outline  more  or  less  convex,  as  shown  in  the  annexed 
figure.  In  the  case  of  Oxalis 
aentUiva  two-thirds  of  the 
petiole,  and  in  that  of  Mi- 
titoaa  ptidica,  apparently  the 
whole  of  the  short  sub- 
petioles  of  the  leaflets  have 
been  converted  into  pulvini. 
With  pulvinated  leaves  (i.e. 
those  provided  with  a  pul- 
vinus)  their  periodical  move- 
ments depend,  according  to 
Pfeffer,"  on  the  cells  of  the 
pulvinus  alternately  expand- 
ing more  quickly  on  one  side 
than  on  the  other;  whereas 
the  similar  movements  of 
leaves  not  provided  with  pul- 
viui,  depend  on  their  growth  ' 
I>eing  alternately  more  rapid 
on  one  side  than  on  the 
other.f  As  long  as  a  h^uf 
provided  with  a  pulvinus  is 
young  and  continues  to  grow, 
its  movement  depends  on  both  thi.-sr:  caiisirs  oirdtiiiM  ;{ 
and  if  the  view  now  held  by  many  iMitunisIs  Ix;  Koiind, 
namely,  that  growth  is  always  pr(;c<;d''d  by  t\u:  frjtpan- 
eion  of  the  growing  cells,  then  the  difliTt-'nce  Iffitwrtsii 
the  movements  induced  by   the  aid  of  [iiilvini  and 
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without  such  aid,  is  reduced  to  the  expansion  of  tlie 
cells  not  being  followed  by  growth  in  the  first  case, 
and  being  so  followed  in  the  second  case. 

Dots  were  made  with  Indian  ink  along  the  niidrib 
of  both  pulvinated  cotyledons  of  a  rather  old  seedling 
of  Oxalis  Valdiviana ;  their  distances  were  repeatedly 
measured  with  an  eye-piece  micrometer  during  8J  days, 
and  they  did  not  exhibit  the  least  trace  of  increase. 
It  is  therefore  almost  certain  that  the  pulvinus  itself 
was  not  then  growing.  Nevertheless,  during  this 
whole  time  and  for  ten  days  afterwards,  these  coty- 
ledons rose  vertically  every  night.  In  the  case  of 
some  seedlings  raised  from  seeds  purchased  under  the 
name  of  Otxalis  jJoribunda,  the  cotyledons  continued 
for  a  long  time  to  move  vertically  down  at  night,  and 
the  movement  apparently  depended  exclusively  on 
the  pulvini,  for  their  petioles  were  of  nearly  the  same 
length  in  young,  and  in  old  seedlings  which  had  pro- 
duced true  leaves.  AVith  some  species  of  Cassia,  on 
the  other  hand,  it  was  obvious  without  any  measure- 
ment that  the  pulvinated  cotyledons  continued  to 
increase  greatly  in  length  during  some  weeks ;  so  that 
here  the  expansion  of  the  cells  of  the  pulvini  and  the 
growth  of  the  {)etiole  were  probably  combined  lu 
causing  their  prolonged  periodic  movements.  It  was 
equally  evident  that  the  cotyledons  of  many  plants, 
not  provided  with  pulvini,  increased  rapidly  in  length  ; 
and  their  periodic  movements  no  doubt  were  exclu- 
sively due  to  growth. 

In  accordance  with  the  vi(nv  that  the  periodic 
movements  of  all  cotyledons  depend  primarily  on  the 
expansion  of  the  cells,  whether  or  not  followed  by 
growth,  we  can  understand  the  fact  that  there  is  but 
little  difference  in  the  kind  or  form  of  movement 
in  the  two  sets  of  cases.     This  may  be  seen  by  com- 
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paring  the  diagrams  given  in  the  last  chapter.  Tlius 
the  movements  of  the  cotyledons  of  Brassica  oleracea 
and  of  Iponwea  cseruha^  which  are  not  provided  with 
pnlvini,  are  as  complex  as  those  of  Oxalis  and  Cassia 
which  are  thus  provided.  The  pulvinated  cotyledons 
of  some  individuals  of  Mimosa  pudica  and  Lotus 
Jticohasus  made  only  a  single  oscillation,  whilst  those 
of  other  individuals  moved  twice  up  and  down  in  the 
course  of  24  hours;  so  it  was  occasionally  with  the 
cotyledons  of  Cucurhita  ovifera^  which  are  destitute  of 
a  pulvinus.  The  movements  of  pulvinated  cotyledons 
are  generally  larger  in  extent  than  those  without  a 
pulvinus;  nevertheless  some  of  the  latter  moved 
through  an  angle  of  90^  There  is,  however,  one 
important  difiPerence  in  the  two  sets  of  cases;  the 
nocturnal  movements  of  cotyledons  without  pulvini, 
for  instance,  those  in  the  Crucifera?,  Cucurbitaceas, 
Githago,  and  Beta,  never  last  even  for  a  week,  to  any 
conspicuous  degree.  Pulvinated  cotyledons,  on  the 
other  hand,  continue  to  rise  at  night  for  a  much 
longer  period,  even  for  more  than  a  month,  as  we 
shall  now  show.  But  the  period  no  doubt  depends 
largely  on  the  tempprature  to  which  the  seedlings  are 
exposed  and  their  consequent  rate  of  development. 

Oxalis  Valdiuiana.—Some  cotyledons  which  had  lately  opened 
and  were  horizontal  on  March  6th  at  noon,  stood  nt  night  ver- 
tically up ;  on  the  13th  the  first  true  leaf  was  formed,  and  was 
embraced  at  night  by  the  cotyledons;  on  April  9th,  after  an  in- 
terval of  35  days,  six  leaves  were  developed,  and  yet  tlie  coty- 
ledons rose  almost  vertically  at  night.  The  cotyledons  of 
another  seedling,  which  when  first  observed  had  already  pro- 
duced a  leaf,  stood  vertically  at  night  and  continued  to  do  so  for 
11  additional  days.  After  16  days  from  the  first  observation 
two  leaves  were  developed,  and  the  cotyledons  were  still  greatly 
raised  at  night.  After  21  days  the  cotyledons  during  the  day 
were  deflected  Iwntath  tlie  horizon,  but  at  night  were  niised  4  '^° 
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above  it.  After  24  days  from  the  first  observation  (begun  after 
a  time  leaf  had  been  developed)  the  cotyledons  ceased  to  rise  at 
night. 

Ojialis  (Biophytuin)  stnsitiva. — The  cotyledons  of  several  seed- 
lings, 45  days  after  their  first  expansion,  stood  nearly  vertical  at 
night,  and  closely  embraced  either  one  or  two  true  leaves  which 
by  this  time  had  been  formed.  These  seedlings  had  been  kept 
in  a  very  warm  house,  aud  their  development  had  been  rapid. 

Oxalis  cornicnluta. — The  cotyledons  do  not  stand  vertical  at 
night,  but  generally  rise  to  an  angle  of  alx)ut  45°  alK>ve  the 
horizon.  They  continued  thus  to  act  for  23  days  after  their 
first  expansion,  by  which  time  two  leaves  had  been  formed ; 
even  after  29  days  they  still  rose  moderately  above  their  hori- 
zontal or  downwardly  deflected  diurnal  position. 

Mimosa  pncHcci. — The  cotyledons  were  expanded  for  the  first 
time  on  Nov.  2nd,  and  stood  vertical  at  night.  On  the  15th  the 
first  leaf  was  formed,  and  at  night  the  cotyledons  were  vertical. 
On  the  28th  they  behaved  in  the  same  manner.  On  Dec.  15th, 
that  is  after  44  days,  the  cotyledons  were  still  considerably 
raised  at  night;  but  those  of  another  seedling,  only  one  day 
older,  were  raised  very  little. 

Mimosa  ulbida. — A  seedling  was  observe;!  during  only  12  days, 
by  which  time  a  leaf  had  been  farmed,  aud  the  cotyledons  were 
then  quite  vertical  at  night. 

Tr 'folium  suhtrrratifum, — A  seedling,  8  days  old,  had  its  coty- 
ledons horizontal  at  10.30  a.m.  and  vertical  at  9.15  p.m.  After  an 
interval  of  two  months,  by  which  time  the  first  and  second  true 
leaves  had  been  developed,  the  cotyledons  still  performed  the 
same  movement.  They  had  now  increased  greatly  in  size,  and 
had  become  oval;  aud  their  petioles  were  actually  '8  of  an  inch 
in  length  1 

Trifolinm  strictum. — After  17  days  the  cotyledons  still  rose  at 
night,  but  were  not  afterwards  observed. 

Lotus  JacohoRus. — The  cotyledons  of  some  seedlings  having 
well-developed  leaves  rose  to  an  angle  of  about  45°  at  night; 
and  even  after  3  or  4  whorls  of  leaves  had  been  formed,  the  co- 
tyledons rose  at  night  considerably  above  their  diurnal  hori- 
zontal position. 

Cassia  mimosoides. — The  cotyledons  of  this  Indian  species, 
14  dajis  after  their  first  expansion,  and  when  a  leaf  had  been 
formed,  stood  during  the  day  horizontal,  and  at  night  vertical. 

Cassia  sj:  f  (a  large  S.  Brazilian  tree  raised  from  seeds  sent  U8 
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by  F.  Miillcr). — The  cotyledons,  after  16  days  from  their  first 
expansion,  had  increased  greatly  in  size  with  two  leaves  just 
formed.  They  stood  horizontally  during  the  day  and  vertically 
at  night,  but  were  not  afterwards  observed. 

Cassia  ttegiecla  (likewise  a  S.  Bi*azilian  species). — A  seedling, 
34  days  after  the  first  expansion  of  its  cotyledons,  was  between  3 
and  4  inches  in  height,  with  3  well-developed  leaves ;  and  the 
cotyledons,  which  during  the  day  were  nearly  horizon t^xl,  at  night 
stood  vertical,  closely  embracing  the  young  stem.  The  cotyle- 
dons of  another  seedling  of  the  same  age,  5  inches  in  height, 
with  4  well-developed  leaves,  behaved  at  night  in  exactly  the 
same  manner. 

It  is  known*  that  there  is  no  difference  in  structure 
between  the  upi)er  and  lower  halves  of  the  pulvini  of 
leaves,  sufficient  to  account  for  their  upward  or  down- 
ward movements.  In  this  respect  cotyledons  offer  an 
unusally  good  opportunity  for  comparing  the  structure 
of  the  two  halves ;  for  the  cotyledons  of  Oxdlis  Valdi- 
viana  rise  vertically  at  night,  whilst  those  of  0.  rosea 
sink  vertically ;  yet  when  sections  of  their  pulvini  were 
made,  no  clear  difference  could  be  detected  between  the 
corresponding  halves  of  this  organ  in  the  two  species 
which  move  so  differently.  With  0.  rosea,  however, 
there  were  rather  more  cells  in  the  lower  than  in  the 
upper  half,  but  this  was  likewise  the  case  in  one  speci- 
men of  0.  Valdiviana.  The  cotyledons  of  both  species 
(3J  mm.  in  length)  were  examined  in  the  morning 
whilst  extended  horizontally,  and  the  upper  surface  of 
the  pulvinus  of  0.  rosea  was  then  wrinkled  transversely, 
showing  that  it  was  in  a  state  of  compression,  and  this 
might  have  been  expected  as  the  cotyledons  sink  at 
night;  with  0.  Valdiviana  it  was  the  lower  surface 
vhich  was  wrinkled,  and  its  cotyledons  rise  at  night. 

Trifolium  is  a  natural  genus,  and  the  leaves  of  all 
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the  species  seen  by  us  are  pulvinated ;  so  it  is  with 
the  cotyledons  of  T,  sulterraneum  and  sirictum,  which 
stand  vertically  at  night ;  whereas  those  of  T.  resupi- 
natum  exhibit  not  a  trace  of  a  pulvinus,  nor  of  any 
nocturnal  movement.  This  was  ascertained  by  mea- 
suring the  distance  between  the  tips  of  the  cotyledons 
of  four  seedlings  at  mid-day  and  at  night.  In  this 
species,  however,  as  in  the  others,  the  first-formed  leaf, 
which  is  simple  or  not  trifoliate,  rises  up  and  sleeps 
like  the  terminal  leaflet  on  a  mature  plant. 

In  another  natural  genus,  Oxalis,  the  cotyledons  of 
0.  Valdiviana,  rosea,  forihunda,  articulata,  and  sensitiva 
are  pulvinated,  and  all  move  at  night  into  an  upward 
or  downward  vertical  position.  In  these  several  species 
the  pulvinus  is  seated  close  to  the  blade  of  the  coty- 
ledon, as  is  the  usual  rule  with  most  plants.  Oxalis  cor- 
niculata  (var.  Atro-pnrpurea)  diflfers  in  several  respects ; 
the  cotyledons  rise  at  night  to  a  very  variable  amount, 
rarely  more  than  45*^;  and  in  one  lot  of  seedlings 
(purchased  under  the  name  of  0.  tropasoloides,  but 
certainly  belonging  to  the  above  variety)  they  rose 
only  from  5°  to  15^  above  the  horizon.  The  pulvinus 
is  developed  imperfectly  and  to  an  extremely  variable 
degree,  so  that  apparently  it  is  tending  towards  abor- 
tion. No  such  case  has  hitherto,  we  believe,  been 
described.  It  is  coloured  green  from  its  cells  con- 
taining chlorophyll;  and  it  is  seated  nearly  in  the 
middle  of  the  petiole,  instead  of  at  the  upper  end  as 
in  all  the  other  species.  The  nocturnal  movement  is 
eflected  partly  by  its  aid,  and  partly  by  the  growth  of 
the  upper  part  of  the  petiole  as  in  the  case  of  plants 
destitute  of  a  pulvinus.  Fr'^m  these  several  reasons 
and  from  our  having  partially  traced  the  develop- 
ment of  the  pulvinus  from  an  early  age,  the  case 
seems  worth  describing  in  some  det-ail. 
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When  the  cotyledons  of  O.mraicoftit™  wew  dis!«ctc<l  out  of  a 
aeed  from  which  ihe;  vonld  gooq  have  natorell;  emerged,  no 
irace  of  »  palrinns  oonid  he  detected ;  and  all  the  cells  fonuing 
the  short  petiole,?  in  numberiD  a  longitudinal  roir,irere  of  ncnrly 
equal  size.  In  seedling  one  or  tvo  days  old,  the  pntvinux  was 
no  indiBtinct  that  we  thought  at  first  that  )t  did  not  exist ;  hut 
in  the  middle  of  the  petiole  an  ill-defined  tmnsvei^e  zone  of  colls 
could  be  seen,  which  were  much  Ehnrter  than  those  both  alx>ve 
and  below,  although  of  the  same  breadth  with  them.  The; 
presented  the  appearance  of  having  been  just  formed  by  the 
transverse  divisioD  of  \oiipet  cells;  and  there  can  bo  little  doubt 
that  this  had  occurred,  for  the  cells  in  the  petiole  which  had 
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been  dissecled  oat  of  the  seed  averaffed  in  length  7  divisions 
of  the  micrometer  (each  division  equalling  -003  mm ),  and  were 
a  little  longer  than  those  forming  a  we  11- developed  pulvinim, 
which  varied  between  4  and  6  of  these  same  divisions.  After  a 
few  additional  days  the  ill-defined  zone  of  cells  becomes  distinct, 
and  aitbongh  it  does  not  extend  across  the  whole  width  of  the 
petiole,  and  although  the  cells  are  of  a  green  colour  from  contain- 
ing chlorophyll,  yet  they  certainly  constitute  a  pulvinus,  which, 
as  we  shall  preeently  see,  acta  as  one.  These  small  ceils  were 
arranged  in  longitudinal  rows,  and  varied  from  4  to  7  in  number; 
and  the  cells  tbemeelveB  varied  in  length  in  different  |  arts  of  tbs 
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same  piilvinus  and  in  different  individuals.  In  the  accompany- 
ing figures,  A  and  B  (Fig.  64),  we  have  views  of  the  epidermis  * 
in  the  middle  part  of  the  petioles  of  two  seedlings,  in  which  the 
pulvinus  was  for  this  species  well  developed.  They  offer  a 
striking  contrast  with  the  pulvinus  of  0,  rosea  (see  former 
Fig.  63),  or  of  0,  ValdivUum.  With  the  seedlings,  falsely  called 
0.  trojoeoloules,  the  cotyledons  of  which  rise  very  little  at  night, 
the  small  cells  were  still  fewer  in  number  and  in  parts  formed 
a  single  transverse  row,  and  in  other  parts  short  longitudinal 
rows  of  only  two  or  three.  Nevertheless  they  sufficed  to  attract 
the  eye,  when  the  whole  petiole  was  viewed  as  a  transparent 
object  beneath  the  microscope.  In  these  seedlings  there  could 
hardly  be  a  doubt  that  the  pulvinus  was  l)ecoming  rudimentary 
and  tending  to  disapj^ear;  and  this  accounts  for  its  great 
variability  in  structure  and  function. 

In  the  following  Table  some  mejisurements  of  the  cells  in 
fairly  well-develojxjd  pulvini  of  0.  corniculata  are  given : — 

Seedling  1  dit^  oidj  icith  cofyUdin  23  mn.  in  lenjih. 

Divisions  of 
Micrometer.f 

Avernge  length  of  cells  of  pulvinus         6  to  7 

Length  of  longest  cell  below  the  pulvinus      13 

Length  of  longest  cell  above  the  pulvinus      20 

Scedlinij  5  dnjs  o/rf,  cotyledon  H'l  mm.  in  Icnjth^  vci'h  the  pulvmua 

quite  dtstinct. 

Average  length  of  cells  of  pulvinus         6 

Length  of  longest  cell  beluw  the  pulvinus      22 

Leng'.h  of  longest  cell  abov^e  ihe  pulvinus      40 

Seedling  8  days  o%  cotyledon  5  mm.  in  lengthy  xciih  a  t-ve  leaf 
formed  Out  not  yet  expanded. 

Average  length  of  cells  of  pulvinus        9 

Length  of  longest  cell  below  the  pulvinus      44 

Length  of  louge^t  cell  above  the  pulvinus      70 

Seedling  13  diys  old.  cotfled<m  4*5  mm.  in  lengt'it  vritha  smill 

true  leaf  f  idly  decelojK'd. 

Average  length  of  cells  of  pulvinus         7 

Length  of  lun>;est  cell  below  the  pulvinus      30 

length  of  longest  cell  above  the  pulvinus      tO 


♦  Longitudinal   sections    show  pulvinus. 
ihHt  the  forms  of  the  epidermic  f  Kach  division  equalled  '008 

tvWq  may  be  taken  as  a  fair  repre-  mm. 
B4.'Dtatioa  of  those  constituting  the 
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\re  here  see  that  ^be  eeHs  of  ihe  polTiaxis  iocroa>e  but  little 
in  length  vith  adruicmg  age,  in  cv>m^iar:^>n  wnh  tbcvk  v-^'  iho 
petiole  hoth  mboTe  and  beloir  it ;  but  ih^T  continue  to  grow  in 
vidth,  and  keep  equal  in  this  le^pect  ir  ith  the  other  cells  of 
the  petiole.  The  late  of  growth,  howorer,  varies  in  all  parts 
of  the  cotvledons,  as  maj  be  ol^satrred  iu  the  meAsuroment^  of 
the  S-days*  old  seedling. 

The  cotvledons  of  seedlirgs  onU  a  day  old  ri<ae  at  night  oi>n- 
sidezaUv,  sometimes  as  much  as  aftemrards;  but  thort^  was 
much  variation  in  this  i^!S|xvt.  As  the  pulvinus  is  j^>  indistinct 
at  first,  the  movement  pmhably  docs  not  then  depend  on  the 
expansion  of  its  cells,  but  on  periodically  unequal  gT\>wth  iu 
the  petiole.  By  the  comparison  of  seeiilings  of  diffirv^nt  known 
ages,  it  was  evident  that  the  chief  seat  of  gxx)wth  of  the  |x^tiole 
was  in  the  upper  part  between  the  pulvinus  and  the  blade; 
and  this  agrees  with  the  fact  (shown  in  the  measun  nionts  aU^vo 
given)  that  the  cells  grow  to  a  greater  length  in  the  up^K^r  than 
in  the  lower  part  With  a  seedling  11  days  old,  the  mx'turnal 
rise  was  found  to  depend  largely  on  the  action  of  the  pulvinus, 
for  the  petiole  at  night  was  curved  upwards  at  this  |x>int;  and 
during  the  day,  whilst  the  petiole  was  horizontal,  the  lower 
surface  of  the  pulvinus  was  wrinkled  with  the  up]HT  surfiioo 
tense.  Although  the  cot^iedons  at  an  advanced  age  do  not  rise 
at  nijiht  to  a  higher  inclination  than  whilst  young,  yet  they  havo 
to  pass  through  a  larger  angle  (in  one  instaniH)  Ruiounting  to 
ti3°)  to  gain  their  nocturnal  position,  as  they  arc  genornlly 
deflected  beneath  the  horizon  during  the  day.  Even  with  the 
11-days'  old  seedhng  the  movement  did  not  depend  exclusively 
on  the  pulvinus,  for  the  blade  where  joined  to  the  petiole  was 
curved  upwards,  and  this  must  be  attributed  to  unequal  growth. 
Therefore  the  periodic  movements  of  the  cotyledons  of  0.  corwi- 
cnlckfa  depend  on  two  distinct  but  conjoint  actions,  namely,  the 
expansion  of  the  cells  of  the  pulvinus  and  on  the  growth  of 
the  upper  part  of  the  petiole,  including  the  base  of  tho  blade. 

J.otus  Jacobceus, — The  seedlings  of  this  plant  present  a  caHci 
IMirallel  to  that  of  Oxalis  cornicuJata  in  some  rc8)>ccts,  and  in 
others  unique,  as  far  as  we  have  seen.  The  cotyledons  during 
tlie  first  4  or  5  days  of  their  life  do  not  exhibit  any  plain  noc- 
turnal movement ;  but  afterwards  they  stand  vertically  or 
almost  vertically  up  at  night.  There  is,  however,  some  degree  of 
variability  in  this  respect,  apparently  dependent  on  tho  season 
and  on  the  degree  to  which  they  havo  been  illuminated  during 
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the  day.  With  older  seedlings,  having  cotyledons  4  mm.  ir 
length,  which  rise  considerably  at  night,  there  is  a  well  -deve- 
loped pulvinus  close  to  the  blade,  colourless,  and  rather  nar- 
rower than  the  rest  of  the  petiole,  from  which  it  is  abniptly 
separated.  It  is  formed  of  a  mass  of  small  cells  of  an  average 
length  of  -021  mm. ;  whereas  the  cells  in  the  lower  part  of  the 
petiole  are  about  "06  mm.,  and  those  in  the  blade  from  '034  to 
•04  mm.  in  length.  The  epidermic  cells  in  the  lower  part  of  the 
petiole  project  conically,  and  thus  differ  in  shape  from  thaso 
over  the  pulvinus. 

Turning  now  to  very  young  seedlings,  the  cotyledons  of  which 
do  not  rise  at  night  and  are  only  from  2  to  2i  mm.  in  length, 
their  petioles  do  not  exhibit  any  defined  zone  of  small  cells, 
destitute  of  chlorophyll  and  differing  in  shape  exteriorly  from 
the  lower  ones.  Nevertheless,  the  colls  at  the  place  wiiere  a 
pulvinus  will  afterwards  be  developed  are  smaller  (being  on  an 
average  015  mm.  in  length)  than  those  in  Uie  lower  parts  of 
the  same  petiole,  which  gradually  become  larger  in  proceeding 
downwards,  the  largest  being  030  mm.  in  length.  At  this  early 
age  the  cells  of  the  blade  are  about  *027  mm.  in  length.  We 
thus  see  that  the  pulvinus  is  formed  by  the  cells  in  the  upper- 
most part  of  the  petiole,  continuing  for  only  a  short  time  to 
increase  in  length,  then  l)eing  arrested  in  their  growth,  accom- 
panied by  the  loss  of  their  chlorophyll  grains ;  whilst  the  cells 
in  the  lower  part  of  the  petiole  continue  for  a  long  time  to 
increase  in  length,  those  of  the  epidermis  becoming  more  conical. 
The  singular  fact  of  the  cotyledons  of  this  plant  not  sleeping  at 
first  is  therefore  due  to  the  pulvinus  not  l)eing  developed  at  an 
early  age. 

We  leani  from  these  two  cases  of  Lotus  and  Oxalis, 
that  the  development  of  a  pulvinus  follows  from  the 
growth  of  the  cells  over  a  small  defined  space  of  the 
petiole  being  almost  arrested  at  an  early  age.  With 
Lotus  Jacohwus  the  cells  at  first  increase  a  little  iu 
length ;  in  Oxalis  corniculata  they  decrease  a  little, 
owing  to  sell-division.  A  mass  of  such  small  cells 
forming  a  pulvinus,  might  therefore  be  either  acquired 
or  lost  without  any  special  difliculty,  by  different 
epceies  in  the  same  natural  genus :  and  we  know  that 
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with  seedlings  of  Trifolium,  Lotus,  and  Oxalis  some  of 
the  species  have  a  well-developed  pulvinus,  and  others 
have  none,  or  one  in  a  rudimentary  condition.  As  the 
movements  caused  by  the  alternate  turgescence  of 
the  cells  in  the  two  halves  of  a  pulvinus,  must  be 
largely  determined  by  the  extensibility  and  subse- 
quent contraction  of  their  walls,  we  can  perhaps  under- 
stand why  a  large  number  of  small  cells  will  bo  more 
eflScient  than  a  small  number  of  large  cells  occupying 
the  same  space.  As  a  pulvinus  is  formed  by  the 
arrestment  of  the  growth  of  its  cells,  movements  de- 
pendent on  their  action  may  be  long-continued  withou 
any  increase  in  length  of  the  part  thus  provided ; 
and  such  long-continued  movements  seem  to  be  one 
chief  end  gained  by  the  development  of  a  pulvinus. 
Long-continued  movement  would  be  impossible  in  any 
part,  without  an  inordinate  increase  in  its  length,  if  the 
turgescence  of  the  cells  was  always  followed  by  growth. 
Disturbance  oftJie  Periodic  Movevients  of  Cotyledons  hj 
Light. — The  hypocotyls  and  cotyledons  of  most  seed- 
ling plants  are,  as  is  well  known,  extremely  heliotropic ; 
but  cotyledons,  besides  being  heliotropic,  are  affected 
paratonically  (to  use  Sachs'  expression)  by  light ;  that 
is,  their  daily  periodic  movements  are  greatly  and 
quickly  disturbed  by  changes  in  its  intensity  or  by 
its  absence.  It  is  not  that  they  cease  to  circumnutate 
in  darkness,  for  in  all  the  many  cases  observed  by  us 
they  continued  to  do  so;  but  the  normal  order  of 
their  movements  in  relation  to  the  alternations  of  dny 
and  night  is  much  disturbed  or  quite  annulled.  This 
holds  good  with  species  the  cotyledons  of  which  rise 
or  sink  so  much  at  night  that  they  may  be  said  to 
sleep,  as  well  as  with  others  which  rise  only  a  little. 
But  different  species  are  affected  in  very  different 
degrees  by  changes  in  the  light. 
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For  instance,  the  cotyledons  of  Beta  vuhjaria,  S.olanum  lycoper- 
iicumy  Ctrinthe  major,  and  Lvpinus  luteus,  when  placed  in  dark- 
ness, moyed  down  during  the  afternoon  and  early  night,  instead 
of  rising  as  they  would  have  done  if  they  had  heen  exposed  tc 
the  light.  All  the  individuals  of  the  Solanum  did  not  behave 
in  the  same  manner,  for  the  cotyledons  of  one  circumnutated 
alx)ut  the  same  ppot  between  2.30  and  10  p.m.  The  cotyleiions 
of  a  seedling  of  Oxalis  corniculata,  which  was  feebly  illuminated 
from  above,  moved  downwards  during  the  first  morning  in  the 
normal  manner,  but  on  the  second  morning  it  moved  upwards. 
The  cotyledons  of  Lotus  Jacobceus  were  not  affected  by  4  h.  of 
complete  darkness,  but  when  placed  under  a  double  skylight 
and  thus  feebly  illuminated,  they  quite  lost  their  periodical 
movements  on  the  tliird  morning.  On  the  other  hand,  the 
cotyledons  of  Cucnrhita  ovifera  moved  in  tlie  normal  manner 
during  a  whole  day  in  darkness. 

Seedlings  of  Oithago  segetum  were  feebly  illuminated  from 
alx)ve  in  the  morning  before  their  cotyledons  had  expanded,  and 
they  remained  closed  for  the  next  40  h.  Other  seedlings  were 
placed  in  the  dark  after  their  cotyledons  had  opened  in  the 
morning  and  these  did  not  begin  to  close  until  about  4  h.  had 
elapsed.  The  cotyledons  of  Oxulls  rosia  sank  vertically  down- 
wards after  being  left  for  1  h.  20  m.  in  darkness ;  but  those  of 
some  other  species  of  Oxalis  were  not  affected  by  several  hours 
of  darkness.  The  cotyledons  of  several  species  of  Cassia  are 
eminently  susceptible  to  changes  in  the  degree  of  light  to  which 
they  are  exposed :  thus  seedlings  of  an  unnamed  S.  Brazilian 
species  (a  large  and  beautiful  tree)  were  brought  out  of  the  hot- 
house and  placed  on  a  table  in  the  middle  of  a  room  with  two 
north-east  and  one  north-west  window,  so  that  they  were  fairly 
well  illuminated,  though  of  course  less  so  than  in  the  hot-house, 
the  day  being  moderately  bright ;  and  after  36  m.  the  cotyledons 
which  had  been  horizontal  rose  up  vertically  and  closed  together 
as  when  asleep ;  after  thus  remaining  on  the  table  for  1  h.  13  m. 
they  began  to  open.  The  cotyledons  of  young  seedlings  of  another 
Brazilian  species  and  of  C,  neglecia,  treated  in  the  same  manner, 
behaved  similarly,  excepting  that  they  did  not  rise  up  quite  so 
much :  they  again  became  horizontal  after  about  an  hour. 

Here  is  a  more  interesting  case :  seedlings  of  Cassia  tora  in 
two  pots,  which  had  stood  for  some  time  on  the  table  in  the 
room  just  described,  had  their  cotyledons  horizontal.  One  pot 
was  now  exposed  for  2  h.  to  dull  sunshine,  and  the  cotyledona 
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remained  horizontal ;  it  was  then  brought  back  to  the  table,  and 
after  50  dl  the  cotyledons  had  risen  68°  above  the  horizon. 
The  other  pot  was  placed  daring  the  same  2  h.  lieliind  a  screen 
in  the  room,  where  the  light  was  very  obscure,  and  the  cotyledons 
rose  63®  above  the  horizon ;  the  pot  was  then  replaced  on  the 
table,  and  after  50  m.  the  cotyledons  had  fallen  33°.  Tlio.8e  two 
pots  with  seedlings  of  the  same  age  stood  close  toother,  and 
were  exposed  to  exactly  the  same  amount  of  light,  yet  the  coty- 
ledons in  the  one  pot  were  rising,  whilst  thase  in  the  other 
pot  were  at  the  same  time  sinking.  This  fact  illustrates  in  a 
striking  manner  that  their  movements  are  not  governed  by  the 
actual  amount,  but  by  a  change  in  the  intensity  or  degree  of 
the  hght  A  similar  experiment  was  tried  with  two  sets  of  seed- 
lings, both  exx)osed  to  a  dull  light,  but  different  in  degree,  and 
the  result  was  the  sama  The  movements  of  the  cotyledons  of  this 
Cassia  are,  however,  determined  (as  in  many  other  cases)  largely 
by  habit  or  inheritance,  independently  of  light;  for  seedlings 
which  had  been  moderately  illuminated  during  the  day,  were 
kept  all  night  and  on  the  following  morning  in  complete  dark- 
ness; yet  the  cotyledons  were  partially  open  in  the  morning 
and  remained  open  in  the  dark  for  about  6  h.  The  cotyledons 
in  another  pot,  similarly  treated  on  another  occasion,  were  open 
at  7  A.M.  and  remained  open  in  the  dark  for  4  h.  30  m.,  after 
which  time  they  began  to  close.  Yet  these  same  seedlings,  when 
brought  in  the  middle  of  the  day  from  a  moderately  bright 
into  only  a  moderately  dull  light  raised,  as  we  have  seen,  their 
cotyledons  high  above  the  horizon. 

Sensitiveness  of  Cotykdons  to  contact. — This  subject  docs  not 
possess  much  interest,  as  it  is  not  known  that  sensitiveness  of  this 
kind  is  of  any  service  to  seedling  plants.  We  have  observed  cases 
in  only  four  genera,  though  we  have  vainly  observed  the  coty- 
ledons of  many  others.  The  genus  Cassia  seems  to  be  pre-eminent 
in  this  respect :  thus,  the  cotyledons  of  C,  tora,  when  extended 
horizontally,  were  both  lightly  tapped  with  a  very  thin  twig  for 
3  m.,  and  in  the  course  of  a  few  minutes  they  formed  together 
an  angle  of  90°,  so  that  each  had  risen  45°.  A  single  cotyledon 
of  another  seedling  was  tapped  in  a  like  manner  for  1  m.,  and  it 
rose  27°  in  9  m. ;  and  after  eight  additional  minutes  it  had  risen 
10°  more;  the  opposite  cotyledon,  which  was  not  tapped,  hardly 
moved  at  all.  The  cotyledons  in  all  these  cases  became  hori- 
zontal again  in  less  than  half  an  hour.  The  pulvinus  is  the  most 
sensitive  part,  for  on  slightly  pricking  three  cotyledons  with  e 
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pin  in  this  part,  they  rose  up  vertically ;  but  the  blade  was  found 
also  to  be  sensitive,  care  having  l)ecn  taken  that  the  pulvinus 
was  not  touched.  Drops  of  water  placed  quietly  on  these  coty- 
ledons produced  no  effect,  but  an  extremely  fine  stream  of  water, 
ejected  from  a  syringe,  caused  them  to  move  upwards.  When 
a  pot  of  seedlings  was  rapidly  hit  with  a  stick  and  thus  jarred, 
the  cotyledons  rose  slightly.  When  a  minute  drop  of  nitric 
acid  was  placed  on  both  pulvini  of  a  seedling,  the  cotyledons 
rose  so  quickly  that  they  could  easily  be  seen  to  move,  and 
almost  immediately  afterwards  they  began  to  fall;  but  the 
pulvini  ha<l  been  killed  and  became  brown. 

The  cotyledons  of  an  unnamed  species  of  Cassia  (a  large  tree 
from  S.  Brazil)  rose  3P  in  the  course  of  26  m.  after  the  pulvini 
and  the  blades  had  both  been  rubl)ed  during  1  m.  with  a  twig ; 
but  when  the  blade  alone  was  similarly  riibbed  the  cotyledons 
i-ose  only  8°.  The  remarkably  long  and  narrow  cotyledons,  of  a 
third  unnamed  species  from  S.  Brazil,  did  not  move  when  their 
blades  were  rubbed  on  six  occasions  with  a  pointed  stick  for 
30  s.  or  for  1  m. ;  but  when  the  pulvinus  was  rubl)ed  and  slightly 
pricked  with  a  pin,  the  cotyledons  rose  in  the  course  of  a  few 
minutes  through  an  angle  of  60®.  Several  cotyledons  of 
C.  nefjiecta  (likewise  from  S.  Brazil)  rose  in  from  5  m.  to  15  m.  to 
various  angles  between  16°  and  34°,  after  being  rubbed  during 
1  m.  with  a  twig.  Their  sensitiveness  is  retained  to  a  somewhat 
advanced  age,  for  the  cotyledons  of  a  little  plant  of  C.  i^eghcfa, 
34  days  old  and  bearing  three  true  leaves,  rose  when  lightly 
I>inched  l^etween  the  finger  and  thumb.  Some  seedlings  were 
exposed  for  30  m.  to  a  wind  (temp.  60°  F.)  sufficiently  strong  to 
keep  the  cotyledons  vibrating,  but  this  to  our  surprise  did  not 
cause  any  movement.  The  cotyledons  of  four  seedlings  of  the 
Indian  0,  ghuca  were  either  rubbed  with  a  thin  twig  for  2  m.  or 
were  lightly  pinched :  one  rose  34° ;  a  second  only  6° ;  a  third 
13°;  and  a  fourth  17°.  A  cotyledon  of  C,  florida  similarly 
treated  rose  9° ;  one  of  C,  cori/mhosa  rose  7i°,  and  one  of  the 
very  distinct  C.  mimosoides  only  6°.  Those  of  C.  i>uhtfscens  did 
not  appear  to  be  in  the  least  sensitive ;  nor  were  those  of  V. 
v(  do8(t,  but  these  latter  are  rather  thick  and  fleshy,  and  do  not 
rise  at  night  or  go  to  sleep. 

Smithia  senfitiva,  —This  plant  belongs  to  a  distinct  sub-order  of 
the  LeguminosaB  from  Cassia.  Both  cotyledons  of  an  oldish 
seedling,  with  the  first  true  leaf  partially  unfolded,  were  rubbed 
for  1  m.  with  a  fine  twig,  and  in  5  m.  each  rose  32^;  thctj 
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rcmuDed  in  this  position  for  15  m.,  but  when  lix>kovl  at  again 
40-m.  after  the  nibbing,  each  had  fallen  14^  Ik^th  ci^tyKHions  of 
another  and  yoonger  seedling  were  lightly  rubU'd  in  the  same 
manner  for  1  m.,  and  after  an  interval  of  32  m.  raoh  had  riseu 
30^.  They  were  hardly  at  all  sensitive  to  a  fine  jvt  of  wator. 
The  cotyledons  of  ^'.  J'/undii,  an  African  water  plant,  are  thick 
and  fleshy ;  they  are  not  sensitive  and  do  not  go  to  sUvp. 

Mimosa  pudica  and  alhida, — The  l>lades  of  several  cotyloiions 
of  both  these  plants  were  rubbed  or  slightly  scratched  with  a 
nredle  during  1  m.  or  2  m. ;  but  they  did  not  move  in  the  least. 
When,  however,  the  pulvini  of  six  cotyledons  of  M.  pudica  wore 
thus  scratched,  two  of  them  were  slightly  raiseil.  In  these  two 
cases  perhaps  the  pulvinus  was  accidentally  pricked,  for  on 
pricking  the  pulvinus  of  another  cotyledon  it  nx^^e  a  little.  It 
thus  api)ears  that  the  cotyledons  of  Mimosa  are  loss  sensitive 
than  those  of  the  previously  mentioned  plants.* 

Oxfdis  sensiiivt. — The  bla^ies  and  pulvini  of  two  cotyledons, 
standing  horizontally,  were  rubl)ed  or  rather  tickled  for  30  s. 
with  a  fine  split  bristle,  and  in  10  m.  each  had  risen  48*^; 
when  looked  at  again  in  35  m.  after  l)eing  rublxnl  they  had 
risen  4°  more ;  after  30  additional  minutes  they  were  again  hori- 
zontal. On  hitting  a  pot  rapidly  with  a  stick  for  1  m.,  the  coty- 
ledons of  two  seedlings  were  considerably  raised  in  the  course 
of  II  m.  A  pot  was  carried  a  little  distance  on  a  tray  and  thus 
jolted;  and  the  cotyledons  of  four  seedlings  were  all  raised  in 
10  m. ;  after  17  m.  one  had  risen  56°,  a  second  45°,  a  third  almost 
90°,  and  a  fourth  90°.  After  an  additional  interval  of  40  m.  three 
of  them  hod  re-expanded  to  a  considerable  extent.  These  obser- 
vations were  made  before  wo  were  aware  at  what  an  extraordi- 
narily rapid  rate  the  cotyledons  circuninutatc,  and  are  therefore 
liable  to  error.  Nevertheless  it  is  extremely  improlwiblo  that  the 
cotyledons  in  the  eight  cases  given,  should  all  have  been  rising 
at  the  time  when  they  were  irritated.  The  cotyledons  of  Oaalin 
Valdiviana  and  rosea  were  rubbed  and  did  not  exhibit  any 
sensitiveness. 

Finally,  there  seems  to  exist  some  relation  between 
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the  habit  of  cotyledons  rising  vertically  at  night  or 
going  to  sleep,  and  their  sensitiveness,  especially  that 
of  their  piilvini,  to  a  touch ;  for  all  the  above-named 
plants  sleep  at  night.  On  the  other  hand,  there  are 
many  plants  the  cotyledons  of  which  sleep,  and  are 
not  in  the  least  sensitive.  As  the  cotyledons  of 
several  species  of  Cassia  are  easily  aflfected  both  by 
slightly  diminished  light  and  by  contact,  we  thought 
that  these  two  kinds  of  sensitiveness  might  be  con- 
nected ;  but  this  is  not  necessarily  the  case,  for  the 
cotyledons  of  Oxalis  sensitiva  did  not  rise  when  kept 
on  one  occasion  for  IJ  h.,  and  on  a  second  occasion 
for  nearly  4  h.,  in  a  dark  closet.  Some  other  coty- 
ledons, as  those  of  Git  ha  go  segeium,  are  much  affected 
by  a  feeble  light,  but  do  not  move  when  scratched  by 
a  needle.  That  with  the  same  plant  there  is  some 
relation  between  the  sensitiveness  of  its  cotyledons 
and  leaves  seems  highly  probable,  for  the  above  de- 
scribed Smithia  and  Oxalis  have  been  called  sensitiva^ 
owing  to  their  leaves  being  sensitive ;  and  though  the 
leaves  of  the  several  species  of  Cassia  are  not  sensitive 
to  a  touch,  yet  if  a  branch  be  shaken  or  syringed 
with  water,  they  partially  assume  their  nocturnal  de- 
pendent position.  But  the  relation  between  the  sen- 
sitiveness to  contact  of  the  cotyledons  and  of  the 
leaves  of  the  same  plant  is  not  very  close,  as  may  be 
inferred  from  the  cotyledons  of  Mimosa  pudica  being 
only  slightly  sensitive,  whilst  the  leaves  are  well 
known  to  be  so  in  the  highest  degree.  Again,  the 
leaves  of  Neptunia  oleracea  are  very  sensitive  to  a 
touch,  whilst  the  cotyledons  do  not  appear  to  be  so  in 
any  degree. 
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CHAPTER  ILL 

Barenivmigs  or  the  Apex  or  the  Radicle  to  Contact  axo  to 

OTHER  IbUTANTS. 

Manner  in  which  ni(iicle8  bend  when  thev  encounter  «n  obstacle  in 
tlie  anil — V'icin  fuba,  ti|«  of  radicles  l.ighly  8en>iiive  to  contact 
and  other  irritants — Effects  of  too  high  u  t^'Uiperatuns^— Power  of 
di^rirainatin^  between  objects  attuclitd  on  opposite  sides — Ti|>s  of 
secondary  radicles  st-nsitive — Pisum,  tips  of  radi-les  sen>itive — 
Effects  of  such  8en8itivene:^8  in  oTt-rcoiuiiig  geotropism— Sei*ondary 
radicles — Pliaseolns,  tips  of  nidicl-s  hardly  sens^itive  to  cont;ict 
but  highly  sensitive  to  caustic  and  t)  the  reiui»val  of  a  ^lice — Tro- 
pax>lum — Gossypium— Cucurhita — Raphanus — ^lilsculus,  tip  not 
sensitive  to  slight  contact,  highly  sensitive  to  caustic — Querrus, 
tip  highly  sensitive  to  contact — Power  of  discrimination — Zeu 
tip  highly  sensitive,  secondary  r.ulicKs— Senhitiveutss  of  ruilicles 
to  moist  air — Summary  of  chapter. 

In  order  to  see  how  the  radicles  of  seedlings  would 
pass  over  stones,  roots,  and  other  obstacles,  which  they 
must  incessantly  encounter  in  the  soil,  germinating 
beans  {Viciafaba)  were  so  placed  that  the  tips  of  the 
radicles  came  into  contact,  almost  rectangularly  or 
at  a  high  angle,  with  underlying  plates  of  glass.  In 
other  cases  the  beans  were  turned  about  whilst  their 
ladicles  were  growing,  so  that  they  descended  nearly 
vertically  on  their  own  smooth,  almost  flat,  broad  upper 
surfaces.  The  delicate  root-cap,  when  it  first  touched 
any  directly  opposing  surface,  was  a  little  flattened 
transversely ;  the  flattening  soon  became  oblique,  and 
in  a  few  hours  quite  disappeared,  the  apex  now  point- 
ing at  right  angles,  or  at  nearly  right  angles,  to  its 
former  course.  The  radicle  then  seemed  to  glide  in 
its  new  direction  over  the  surface  which  had  opposed 
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it,  pressing  on  it  with  very  little  force.  How  far  such 
abrupt  changes  in  its  former  course  are  aided  by  the 
cireuninutation  of  the  tip  must  be  left  doubtful.  Thin 
slips  of  wood  were  cemented  on  more  or  less  steeply 
inclined  glass-plates,  at  right  angles  to  the  radicles 
which  were  gliding  down  them.  Straight  lines  had 
been  painted  along  the  growing  terminal  part  of  some 
of  these  radicles,  before  they  met  the  opposing  slip 
of  wood ;  and  tlie  lines  became  sensibly  curved  in  2  h. 
after  the  apex  had  come  into  contact  with  the  slips. 
In  one  case  of  a  radicle,  which  was  growing  rather 
slowly,  the  root-cap,  after  encountering  a  rough  slip 
of  wood  at  right  angles,  was  at  first  slightly  flat- 
tened transversely:  after  an  interval  of  2  h.  30  m. 
the  flattening  became  oblique ;  and  after  an  addi- 
tional 3  hours  the  flattening  had  wholly  disappeared, 
and  the  apex  now  pointed  at  right  angles  to  its  former 
course.  It  then  continued  to  grow  in  its  new  direc- 
tion alongside  the  slip  of  wood,  until  it  came  to  the 
end  of  it,  round  which  it  bent  rectangularly.  Soon 
afterwards  when  coming  to  the  edge  of  the  plate  of 
glass,  it  was  again  bent  at  a  large  angle,  and  de- 
scended perpendicularly  into  the  damp  sand. 

When,  as  in  the  above  cases,  radicles  encountered 
an  obstacle  at  right  angles  to  their  course,  the  terminal 
growing  part  became  curved  for  a  length  of  between 
•3  and  '4  of  an  inch  (8-10  mm.),  measured  from  the 
apex.  This  was  well  shown  by  the  black  lines  which 
had  been  previously  painted  on  them.  The  first  and 
most  obvious  explanation  of  the  curvature  ivS,  that  it 
results  merely  from  the  mechanical  resistance  to  the 
growth  of  the  radicle  in  its  original  direction.  Never- 
theless, this  explanation  did  not  seem  to  us  satisfactory. 
The  radicles  did  not  present  the  appearance  of  having 
been  sul>jeeted  to  a  sufficient  pressure  to  account  for 
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ineir  cuirature;  and  Sachs  has  shown*  that  the 
growing  part  is  more  rigid  than  the  j>art  imnit^liately 
aboTB  which  has  ceased  to  grow,  so  that  the  latter 
might  hare  been  expected  to  yield  and  become  curved 
as  soon  as  the  apex  encountered  an  unyielding  object ; 
whereas  it  was  the  stiff  growing  part  which  bt^came 
curved.  3Ioreover,  an  object  which  yields  with  the 
greatest  ease  will  deflect  a  radicle :  thus,  iis  we  have 
seen,  when  the  apex  of  the  nulicle  of  the  bt^aii 
encountered  the  polished  surface  of  extremely  thin 
tin-foil  laid  on  soft  sand,  no  impression  was  left  on  it 
yet  the  radicle  became  deflected  at  right  angles.  A 
second  explanation  occurred  to  us,  namely,  that  even 
the  gentlest  pressure  might  check  the  growth  of  tlie 
apex,  and  in  this  case  growth  could  continue  only  on 
one  side,  and  thus  the  radicle  would  assume  a  rectan- 
gular form ;  but  this  view  leaves  wholly  unexplained 
the  curvature  of  the  upper  part,  extending  for  a  length 
of  8-10  mm. 

We  were  therefore  led  to  suspect  that  the  ajK^x 
was  sensitive  to  contact,  and  that  an  effect  was  trans- 
mitted from  it  to  the  upper  jmrt  of  the  radicle,  which 
was  thus  excited  to  bend  away  from  the  touching  object. 
As  a  little  loop  of  fine  thread  hung  on  a  tendril  or 
on  the  petiole  of  a  leaf-climbing  plant,  causes  it  to 
bend,  we  thought  that  any  small  hard  object  aftixeJ 
to  the  tip  of  a  radicle,  freely  suspended  and  growing 
in  damp  air,  might  cause  it  to  bend,  if  it  were  sensitive, 
and  yet  would  not  offer  any  mechanical  resistance  to 
its  growth.  Full  details  will  be  given  of  the  experi- 
ments which  were  tried,  as  the  result  proved  remark- 
able. The  fact  of  the  apex  of  a  radicle  being  sensitive 
to  contact  has  never  been  observed,  though,  as  we  shall 
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hereafter  see,  Sachs  discovered  that  the  radicle  a  little 
above  the  apex  is  sensitive,  and  bends  like  a  tendril 
towards  the  touching  object.  But  when  one  side  of  the 
apex  is  pressed  by  any  object,  the  growing  part  bends 
away  from  the  object;  and  this  seems  a  beautiful 
adaptation  for  avoiding  obstacles  in  the  soil,  and,  as 
we  shall  see,  for  following  the  lines  of  least  resistance. 
Many  organs,  when  touched,  bend  in  one  fixed  direc- 
tion, such  as  the  stamens  of  Berberis,  the  lobes  of 
Dionaea,  &c. ;  and  many  organs,  such  as  tendrils,  whe- 
ther modified  leaves  or  flower-peduncles,  and  some  few 
stems,  bend  towards  a  touching  object ;  but  no  case, 
we  believe,  is  known  of  an  organ  bending  away  from 
a  touching  object. 

Sensitiveness  of  the  Apex  of  tlie  Radicle  of  Vicia  faha, 
— Common  beans,  after  being  soaked  in  water  for  24  h., 
were  pinned  with  the  hilum  downwards  (in  the  manner 
followed  by  Sachs),  inside  the  cork  lids  of  glass-vessels, 
which  were  half  filled  with  water ;  the  sides  and  the 
cork  were  well  moistened,  and  light  was  excluded. 
As  soon  as  tlie  beans  had  protruded  radicles,  some  to  a 
lenirth  of  less  than  a  tenth  of  an  inch,  and  others  to 
a  length  of  several  tenths,  little  squares  or  oblongs  of 
card  were  affixed  to  the  short  sloping  sides  of  their 
conical  tips.  The  squares  therefore  adhered  obliquely 
with  reference  to  the  longitudinal  axis  of  the  radicle ; 
and  this  is  a  very  necessary  precaution,  for  if  the  bits 
of  card  accidentally  became  displaced,  or  were  drawn 
by  the  viscid  matter  employed,  so  as  to  adhere  parallel 
to  the  side  of  the  radicle,  although  only  a  little  way 
above  the  conical  apex,  the  radicle  did  not  bend  in 
the  peculiar  manner  which  we  are  here  considering. 
Squares  of  about  the  ^th  of  an  inch  (i.e.  about  1 J  mm.), 
or  oblong  bits  of  nearly  the  same  size,  were  found  to 
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be  the  most  convenient  and  eflFective.  We  employed 
at  first  ordinary  thin  card,  such  as  visiting  cards,  or 
bits  of  very  thin  glass,  and  various  other  objects ;  but 
afterwards  sand-paper  was  chiefly  employed,  for  it  was 
ahnost  as  stiff  as  thin  card,  and  the  roughened  surface 
favoured  its  adhesion.  At  first  we  generally  used  very 
thick  gum-water;  and  this  of  course,  under  the  cir- 
cumstances, never  dried  in  the  least ;  on  the  contrary, 
it  sometimes  seemed  to  absorb  vapour,  so  that  the  bits 
of  card  became  separated  by  a  layer  of  fluid  from  the 
tip.  When  there  was  no  such  absorption  and  the  card 
was  not  displaced,  it  acted  well  and  caused  the  radicle 
to  bend  to  the  opposite  side.  I  should  state  that 
thick  gam-water  by  itself  induces  no  action.  In  most 
cases  the  bits  of  card  were  touched  with  an  extremely 
small  quantity  of  a  soluti(m  of  shellac  in  spirits  of 
wine,  which  had  been  left  to  evaporate  until  it  was 
thick ;  it  then  set  hard  in  a  few  seconds,  and  fixed  the 
bits  of  card  well.  When  small  drops  of  the  shellac 
were  placed  on  the  tips  without  any  Ciird,  they  set  into 
hard  little  beads,  and  these  acted  like  any  other  hard 
object,  CiUising  the  radicles  to  bend  to  the  opposite 
side.  Even  extremely  minute  beads  of  the  shellac 
occasionally  acted  in  a  slight  degree,  as  will  hereafter 
be  described.  But  that  it  was  the  cards  which  chiefly 
acted  in  our  many  trials,  was  proved  by  coating  one 
side  of  the  tip  with  a  little  bit  of  goldbeaters'  skin 
(which  by  itself  hardly  acts),  and  then  fixing  a  bit  of 
card  to  the  skin  with  shellac  which  never  came  into 
contact  with  the  radicle :  nevertheless  the  radicle  bent 
away  from  the  attached  card  in  the  ordinary  manner. 

Some  preliminary  trials  were  made,  presently  to 
be  described,  by  which  the  proper  temperature  was 
determined,  and  then  the  following  experiments  were 
made.     It  should  be  preniised  that  the  beans  were 
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always  fixed  to  tlie  cork-lids,  for  tlie  convenience  o£ 
manipulation,  with  the  edge  from  which  the  radicle 
and  plumule  protrudes,  outwards ;  and  it  must  be 
remembered  that  owing  to  what  we  have  called  Sachs* 
curvature,  the  radicles,  instead  of  growing  perpendi- 
cularly downwards,  often  bend  somewhat,  even  as  much 


A. 


Fig.  65. 
B. 


a 


Vhia  faha:  A»  radicle  beginninfi^  to  bend  from  the  atfnched  little  sqnare 
of  card ;  B,  bent  nt  a  rectant;le ;  C,  bent  into  a  circle  or  loop,  with  the 
tip  beginning  to  bend  downwardit  through  the  action  of  geotrophm. 

as  about  45°  inwards,  or  under  the  suspended  bean. 
Therefore  wlicn  a  square  of  card  was  fixed  to  the  apex 
in  front,  the  bowing  induced  by  it  coincided  with  Sachs' 
curvature,  and  could  be  distinguished  from  it  only  by 
being  more  strongly  pronounced  or  by  occurring  more 
quickly.     To  avoid  this  source  of  doubt,  the  squares 
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wi're  fixed  either  behind,  causing  a  curvature  in  direct 
opposition  to  that  of  Sachs',  or  more  commonly  to  the 
right  or  left  sides.  For  the  sake  of  brevity,  we  will 
R|)eak  of  the  bits  of  card,  &c.,  as  fixed  in  front,  or 
b<*hind,  or  laterally.  As  the  chief  curvature  of  the 
radicle  is  at  a  little  distance  from  the  apex,  and  as 
the  extreme  terminal  and  basal  portions  are  nearly 
straight,  it  is  possible  to  estimate  in  a  rough  manner 
the  amouni  of  curvature  by  an  angle  ;  and  when  it  is 
said  that  the  radicle  became  deflected  at  any  angle 
from  the  perpendicular,  this  implies  that  the  apex  was 
turned  upwards  by  so  many  degrees  from  the  down- 
ward direction  which  it  would  naturally  have  followed, 
and  to  the  side  opposite  to  that  to  which  the  card  was 
affixed.  That  the  reader  may  have  a  clear  idea  of  the 
kind  of  movement  excited  by  the  bits  of  attached 
card,  we  append  here  accurate  sketches  of  three  ger- 
minating beans  thus  treated,  and  selected  out  of 
several  sj>ecimens  to  show  the  gradations  in  the 
degrees  of  curvature.  We  will  now  give  in  detail  a 
series  of  experiments,  and  afterwards  a  summary  of 
the  results. 

In  the  first  12  trials,  little  squares  or  oblongs  of  sanded  card, 
1*8  mm.  in  length,  and  15  or  only  0*9  mm.  in  breadth  (i.e.  "OTl 
c)t  an  inch  ia  length  and  *059  or  '035  of  an  inch  in  breadth)  were 
fixed  with  shellac  to  the  tips  of  the  radicles.  In  the  subsequent 
trials  the  little  squares  were  only  occasionally  measured,  but 
were  of  about  the  same  size. 

(1.)  A  young  radicle..  4  mm.  in  length,  had  a  card  fixed  be- 
hind: after  9  h.  deflected  in  the  plane  in  which  the  bean  is 
flattened,  50°  from  the  perpendicular  and  from  the  card,  and  in 
opposition  to  Sachs*  curvature :  no  change  next  morning,  23  h. 
from  the  time  of  attachment. 

(2.)  Badicle  5-5  mm.  in  length,  card  fixed  behind:  after  9h. 
deflected  in  the  plane  of  the  bean  20^  from  the  perpendicular 
and  from  the  card,  and  in  opposition  to  Sachs'  curvature :  after 
23  h.  no  change. 
7 
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(3.)  Eadicle  11  mm.  in  length,  card  fixed  behind:  after  9 h. 
deflected  in  the  plane  of  the  bean  40°  from  the  perpendicular 
and  from  the  card,  and  in  opix)sition  to  Sachs'  curYatare.  The 
tip  of  the  radicle  more  curved  than  the  upper  part,  but  in  the 
same  plane.  After  23  h.  the  extreme  tip  was  slightly  bent  to- 
wards the  card ;  the  general  curvature  of  the  radicle  remaining 
the  same. 

(4)  Eadicle  9  mm.  long,  card  fixed  behind  and  a  little 
laterally:  after  9h.  deflected  in  the  plane  of  the  bean  only 
about  7°  or  8°  from  the  perpendicular  and  from  the  card,  in 
opposition  to  Sachs*  curvature.  There  was  in  addition  a  sb'ght 
lateral  curvature  directed  partly  from  the  card.  After  ii3  h.  no 
change. 

(5.)  Radicle  8  mm.  long,  card  afl5xed  almost  laterally :  aft^r 
9  h.  deflected  30°  from  the  perpendicular,  in  the  plane  of  the 
bean  and  in  opposition  to  Sachs'  curvature ;  also  deflected  in  a 
plane  at  right  angles  to  the  above  one,  20°  from  the  perpen- 
dicular :  after  23  h.  no  change. 

(6.)  Radicle  9  mm,  long,  card  affixed  in  front:  after  9h.  de- 
flected in  the  plane  of  the  bean  about  40°  from  the  vertical, 
away  from  the  card  and  in  the  direction  of  Sachs*  curvature. 
Here  therefore  we  have  no  evidence  of  the  card  being  the 
cause  of  the  deflection,  except  that  a  radicle  never  moves 
sjTontaneously,  as  far  as  wo  have  seen,  as  much  as  40*^  in  the 
course  of  9  h.    After  23  h.  no  change. 

(7.)  liadicle  7  mm.  long,  card  aflixcd  to  the  back :  after  9  h. 
the  terminal  part  of  the  radicle  deflected  in  the  plane  of  the 
bean  20°  from  the  vertical,  away  from  the  card  and  in  opposition 
to  Sachs'  curvature.  After  22  h.  30  m.  this  part  of  the  radicle 
had  become  straight. 

(8.)  Radicle  12  mm.  long,  card  affixed  almost  laterally:  after 
9  h.  deflected  laterally  in  a  ])lane  at  right  angles  to  that  of  the 
bean  between  40°  and  50°  from  the  vertical  and  from  the  card. 
In  the  plane  of  the  bean  itself  the  deflection  amounted  to  8°  or 
9°  from  the  vertical  and  from  the  card,  in  opposition  to  Sachs' 
curvature.  After  22  h.  30  m.  the  extreme  tip  had  become 
slightly  curved  towards  the  card. 

(9.)  Card  fixed  laterally:  after  11  h.  30  m.  no  effect,  the 
radicle  being  still  almost  vertical. 

flO.)  Card  fixed  almost  laterally:  after  11  h.  30m.  deflected 
90°  from  the  vertical  and  from  the  ciird,  in  a  plane  inter- 
mediate between  that  of  the  lx3an   itseli   and  one  at  right 
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angles  to  it.  Eadicle  consequently  partially  deflected  from 
Sachs'  curvature. 

(11.)  Tip  of  radicle  protected  with  goldbeaters*  skin,  with  a 
square  of  card  of  the  usual  dimensions  affixed  with  shellac : 
after  11  h.  greatly  deflected  in  the  plane  of  the  bean,  in  the 
direction  of  Sachs'  curvature,  but  to  a  much  greater  degree  and 
in  less  time  than  ever  occurs  spontaneously. 

(12.)  Tip  of  radicle  protected  as  in  last  case :  after  11  h.  no 
eflfcct,  but  after  24  h.  40  m.  radicle  clearly  deflected  from  the 
card.  This  slow  action  was  proba>)ly  due  to  a  portion  of  the 
goldbeaters*  skin  having  curled  rour.d  and  lightly  touched  the 
opposite  side  of  the  tip  and  thus  irritated  it. 

(13.)  A  radicle  of  considerable  length  had  a  small  square  of 
card  fixed  with  shellac  to  its  apex  laterally :  after  only  7  h.  15  m. 
a  length  of  '4  of  an  inch  from  the  apex,  measured  along  the 
middle,  was  considerably  curved  from  the  side  bearing  the  card. 

(14.)  Case  like  the  last  in  all  respects,  except  that  a  length  of 
only  '25  of  an  inch  of  the  radicle  was  thus  deflected. 

(15.)  A  small  square  of  card  fixed  with  shellac  to  the  a])ex  of 
a  young  radicle ;  after  9  h.  15  m.  deflected  through  1)0°  from  the 
perpendicular  and  from  the  card.  After  24  h.  deflection  much 
decreased,  and  after  au  additional  day,  reduced  to  23°  from  the 
perpendicular. 

(IG.)  Square  of  card  fixed  with  shellac  l»chiud  the  apex  of  a 
radicle,  which  from  its  position  having  ])een  changed  during 
growth  had  become  very  crooked;  but  the  terminal  portion 
was  straight,  and  this  became  deflected  to  about  45°  from 
the  perpendicular  and  from  the  card,  in  opposition  to  Sachs* 
curvature. 

(17.)  Square  of  card  affixed  with  shellac:  after  8  h.  radicle 
curved  at  right  angles  from  the  perpendicular  and  from  the 
card.     After  15  additional  hours  curvature  much  decreased. 

(18.)  Square  of  card  aflBxed  with  shellac :  after  8  h.  no  effect ; 
after  23  h.  3  m.  from  time  of  affixing,  radicle  much  curved  from 
the  square. 

(19.)  Square  of  card  affixed  with  shellac :  after  24  h.  no  effect, 
but  the  radicle  ha<.l  not  grown  well  and  seemed  sickly. 

(20.)  Square  of  card  affixed  with  shellac :  after  24  h.  no  effect. 

(21,  22.)  Squares  of  card  affixed  with  shellac:  after  24 h. 
radicles  of  both  curved  at  about  45°  from  the  perpendicular  and 
tram  the  cards. 

(23.)  Square  of  card  fixed  with  shellac  to  young  radicle :  after 
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9  h,  very  slightly  curved  frorii  tlio  card ;  after  24  h.  tip  curved 
towards  card.  Refixed  new  square  laterally,  atter  9  h.  distinctly 
curved  from  the  card,  and  after  24  h.  curved  at  right  angles  from 
the  perpendicular  and  from  the  card. 

(24)  A  rather  large  oblong  piece  of  card  fixed  with  shellac  to 
apex :  after  24  h.  no  effect,  but  the  card  was  found  not  to  be 
touching  the  apex.  A  small  square  was  now  refixed  with 
shellac ;  after  16  h.  slight  deflection  from  the  perpendicular 
and  from  the  card.  After  an  additional  day  the  radicle  became 
almost  straight. 

(25.)  Square  of  card  fixed  laterally  to  apex  of  young  radicle; 
after  9  h.  deflection  from  the  perpendicular  considerable ;  after 
24 h.  deflection  reduced.  Hefixed  a  fresh  square  with  shellac: 
after  24  h.  deflection  about  40°  from  the  jDorpendicular  and  from 
the  card. 

(26.)  A  very  small  square  of  card  fixed  with  shellac  to  apex  of 
young  radicle  :  after  9  h.  the  deflection  from  the  perpendicular 
and  from  the  card  amounted  to  nearly  a  right  angle;  after  24 h. 
deflection  much  reduced ;  after  an  additional  24  h.  radicle  almost 
straight. 

(27.)  Square  of  card  fixed  with  shellac  to  apex  of  young 
radicle :  after  9  h.  deflection  from  the  card  and  from  the  perpen- 
dicular a  right  angle;  next  morning  quite  straight.  Refixed 
a  square  laterally  with  shellac ;  after  9  h.  a  little  deflection, 
which  after  24  h.  increased  to  nearly  20"^  from  the  perj^endicular 
and  from  the  card. 

(28.)  Square  of  card  fixed  with  shellac;  after  9  h.  some 
deflection;  next  morning  the  card  dropped  off;  refixed  it  with 
shellac;  it  again  became  loose  and  was  refixed;  and  now  on  the 
third  trial  the  radicle  was  deflected  after  14  h.  at  right  angles 
from  the  card. 

(29.)  A  small  square  of  card  was  first  fixed  with  thick  gum- 
water  to  the  apex.  It  produced  a  slight  effect  but  soon  fell 
off.  A  similar  square  was  now  affixed  laterally  with  shellac : 
after  9  h.  the  radicle  was  deflected  nearly  45°  from  the  perpen- 
dicular and  from  the  card.  After  36  additional  hours  angle  of 
deflection  reduced  to  al)out  30°. 

(30.)  A  very  small  piece,  less  than  ^^^^th  of  an  inch  square,  of 
thin  tin-foil  fixed  with  shellac  to  the  apex  of  a  young  radicle ; 
after  24  h.  no  effect.  Tin- foil  removed,  and  a  small  square  of 
sanded  card  fixed  with  shellac ;  after  9  h.  deflection  at  near!} 
right  angles  from  the  perpendicular  and  from  the  card.    Next 
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morning  deflection  reduced  to  about  40**  from  the  perpen- 
dicular. 

(31.)  A  splinter  of  thin  glass  gummed  to  apex,  after  9  h.  no 
effect,  but  it  was  then  found  not  to  be  touching  the  apex  of  the 
radicle.  Next  morning  a  square  of  card  was  fixed  with  shellac 
to  it,  and  after  9  h.  radicle  greatly  deflectt^d  from  the  card. 
After  two  additional  days  the  deflection  had  decreased  and  was 
only  35°  from  the  perpendicular. 

(32.)  Small  square  of  sanded  canl,  attached  with  thick  gum- 
water  laterally  to  the  apex  of  a  long  straight  radicle:  after  9  h. 
greatly  deflected  from  the  perpendicular  and  from  the  card. 
Curvature  extended  for  a  length  of  22  of  an  inch  from  the 
apex.  After  3  additional  hours  terminal  portion  deflected  at 
right  angles  from  the  perpendicular.  Next  morning  the  curved 
jwrtion  was  '36  in  length. 

(33.)  Square  of  card  gumme<l  to  apex  :  after  ]5  h.  deflected  at 
nearly  90°  from  the  perpendicular  and  from  the  card. 

(34.)  Small  oblong  of  sanded  card  gummed  to  apex:  after 
15  h.  deflected  90°  from  the  perpendicular  and  from  the  card : 
in  the  course  of  the  three  following  days  the  terminal  portion 
became  much  contorted  and  ultimately  coiled  into  a  helix. 

(35.)  Square  of  card  gummed  to  npex:  after  9  h.  deflected  from 
card:  after  24 h.  from  time  of  attachment  greatly  deflected 
obliquely  and  partly  in  opposition  to  Sachs'  curvature. 

(36.)  Small  piece  of  card,  rather  less  than  ^^th  of  an  inch 
square,  gummed  to  apex :  in  9  h.  considerably  deflected  from 
card  and  in  opposition  to  Sachs'  curvature ;  after  24  h.  greatly 
deflected  in  the  same  direction.  After  an  additional  day  the 
extreme  tip  was  curved  towards  the  card. 

(37.)  Square  of  card,  gummed  to  apjx  in  front,  cauFcd  after 
8  h.  30  m.  hardly  any  effect;  rcfixed  fresli  square  laterally,  after 
15  h.  deflected  almost  90°  from  the  perixjudicular  and  from  the 
card.    After  2  additional  days  deflection  much  reduced. 

(38.)  Square  of  card  giunmed  to  apex :  after  9  h.  much  deflec- 
tion, which  after  24  h.  from  time  of  fixing  increased  to  nearly 
90°.  After  an  additional  day  terminal  portion  was  curled  into 
a  loop,  and  on  the  following  day  into  a  helix. 

(39.)  Small  oblong  piece  of  card  gummed  to  apex,  nearly  in 
fronts  but  a  little  to  one  side;  in  9  h.  slightly  deflected  in  the 
direction  of  Sachs'  curvature,  but  rather  obliquely,  and  to 
side  opposite  to  card.  Next  day  more  curved  in  the  samo 
directioD,  and  after  2  additional  days  ceiled  into  a  ring. 
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(40.)  S<iiiarc  of  card  gunmied  to  ajex:  after  9  h.  sliglitlj 
curved  from  card ;  next  morning  radicle  straiglit,  and  apex  had 
grown  beyond  the  card.  Refixed  another  sqnare  laterally  with 
Bhollac;  in  9  h.  deflected  laterally,  bnt  also  in  the  direction  of 
Sachs'  curvature.  After  2  ndditional  days'  cuivaturo  consider- 
ably increased  in  the  same  direction. 

(41.)  Little  square  of  tin-foil  fixed  with  gum  to  one  side  of 
apex  of  a  young  and  short  radicle :  after  15  h.  no  effect,  but 
tin-foil  had  become  displaced.  A  little  square  of  card  was  now 
gummed  to  one  side  of  apex,  which  after  8  h.  40  m.  was  slightly 
deflected;  in  24  h.  from  the  time  of  attachment  deflected  at  90° 
from  the  perpendicular  and  from  the  card ;  after  9  additional 
hours  became  hooked,  with  the  apex  )X)inting  to  the  zenith.  In 
3  days  from  the  time  of  attachment  tlie  terminal  portion  of  the 
radicle  formed  a  ring  or  circle. 

(42.)  A  little  square  of  thick  letter- pa jxjr  gummed  to  the 
apex  of  a  radicle,  whicli  after  9  h.  was  deflected  from  it.  In 
24  h.  from  time  when  the  paper  was  af!i.ved  the  deflection  much 
inci eased,  and  after  2  additicmal  days  it  amounted  to  50°  from 
the  perpendicular  and  from  the  paper. 

(43.)  A  narrow  chip  of  a  quill  was  fixed  with  shellac  to  tho 
apex  of  a  radicle.  After  9  h.  no  effect;  after  24  h.  moderate 
deflection,  but  now  the  quill  had  ceased  to  touch  the  ai>ex. 
Removed  quill  and  gummed  a  little  square  of  card  to  apex, 
which  after  8  h.  caused  slight  deflection.  On  the  fourth  day 
from  tho  first  attachment  of  any  object,  the  extreme  tip  was 
curved  towards  the  card. 

(44.)  A  rather  long  and  narrow  sj)linter  of  extremely  thin 
glass,  fixed  with  shellac  to  apex,  it  caused  in  9  h.  slight 
deflection,  wliich  disappeared  in  24  h. ;  the  splinter  was  then 
found  not  touching  the  apex.  It  was  twice  refixed,  wiih  nearly 
similar  results,  that  is,  it  caused  slight  deflection,  which  soon 
disappciired.  On  the  fourth  day  from  the  time  of  first  attach- 
ment the  ti])  was  bent  towards  the  splinter. 

From  tliese  experiments  it  is  clear  that  the  apex  of 
the  radicle  of  tiie  bean  is  sensitive  to  contact,  and 
that  it  causes  the  upper  part  to  bend  away  from  the 
toucliing  object.  But  before  giving  a  summary  of  the 
results,  it  will  be  convenient  briefly  to  give  a  few  other 
observations.     Bits  of  very  thin  ghiss  and  little  squaref 
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of  common  card  were  affixed  with  thick  gum-water  to 
the  tips  of  the  radicles  of  seven  beans,  as  a  pre- 
liminary trial.  Six  of  these  were  plainly  acted  on, 
and  in  two  cases  the  radicles  became  coiled  up  into 
complete  loops.  One  radicle  was  curved  into  a  semi- 
circle in  so  short  a  period  as  6  h.  10  m.  The 
seventh  radicle  which  was  not  aflFected  was  apparently 
sickly,  as  it  became  brown  on  the  following  day ;  so 
that  it  formed  no  real  exception.  Some  of  these  trials 
were  made  in  the  early  spring  during  cold  weather  in 
a  sitting-room,  and  others  in  a  greenhouse,  but  the 
temperature  was  not  recorded.  These  six  striking 
cases  almost  convinced  us  that  the  apex  was  sensitive, 
but  of  course  we  determined  to  make  many  more  trials. 
As  we  had  noticed  that  the  radicles  grew  much  more 
quickly  when  subjected  to  considerable  heat,  and  as 
we  imagined  that  heat  would  increase  their  sensitive- 
ness, vessels  with  germinating  beans  suspended  in 
damp  air  were  placed  on  a  chimney-piece,  where  they 
were  subjected  during  the  greater  part  of  the  day  to  a 
temperature  of  between  69''  and  72°  F. ;  some,  how- 
ever, were  placed  in  the  hot-house  where  the  tempera- 
ture was  rather  higher.  Above  two  dozen  beans  were 
thus  tried;  and  when  a  square  of  glass  or  card  did 
not  act,  it  was  removed,  and  a  fresh  one  affixed,  this 
being:  often  done  tlirice  to  the  same  radicle.  There- 
fore  between  five  and  six  dozen  trials  were  altogether 
made.  But  there  was  moderately  distinct  deflection 
from  tlie  perpendicular  and  from  the  attached  object 
in  only  one  radicle  out  of  this  large  number  of  cases. 
In  five  other  cases  there  was  very  slight  and  doubtful 
deflection.  We  were  astonished  at  this  result,  and 
concluded  that  we  had  made  some  inexplicable  mis- 
take in  the  first  six  experiments.  But  before  finally 
relinquishing   the  subject,  we  resolved  to  make  one 
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other  trial,  for  it  occurred  to  us  that  sensitireness  is 
easily  affected  by  external  conditions,  and  that  radicles 
growing  naturally  in  the  earth  in  the  early  spring 
would  not  be  subjected  to  a  temperature  nearly  so 
high  as  70°  F.  We  therefore  allowed  the  radicles 
of  12  beans  to  grow  at  a  temperature  of  between 
55°  and  60°  F.  The  result  was  that  in  every  one  of 
these  cases  (included  in  the  above-described  experi- 
ments) the  radicle  was  deflected  in  the  course  of  a  few 
hours  from  the  attached  object.  All  the  above  re- 
corded successful  trials,  and  some  others  presently  to 
be  given,  were  made  in  a  sitting-room  at  the  tempera- 
tures just  specified.  It  therefore  appears  that  a  tem- 
perature of  about,  or  rather  above,  70°  F.  destroys 
the  sensitiveness  of  the  radicles,  either  directly,  or 
indirectly  through  abnormally  accelerated  growth  ; 
and  this  curious  fact  probably  explains  why  Sachs, 
who  expressly  states  that  his  beans  were  kept  at  a 
high  temperature,  failed  to  detect  the  sensitiveness  of 
the  apex  of  the  radicle. 

But  other  causes  interfere  with  this  sensibility. 
Eighteen  radicles  were  tried  with  little  squares  of 
sanded  card,  some  affixed  with  shellac  and  some  with 
gum- water,  during  the  few  hist  days  of  1878,  and  few 
first  days  of  the  next  year.  They  were  kept  in  a  room 
at  the  proper  temperature  during  the  day,  but  were 
probably  too  cold  at  night,  as  there  was  a  hard  frost  at 
the  time.  The  radicles  looked  healthy  but  grew  very 
slowly.  The  result  was  that  only  G  out  of  the  18 
were  deflected  from  the  attached  cards,  and  this  only 
to  a  slight  degree  and  at  a  very  slow  rate.  These 
radicles  therefore  presented  a  striking  contrast  with 
the  44  above  described.  On  March  6th  and  7th,  when 
the  temperature  of  the  room  varied  between  53°  and 
59°  F.,  eleven  germinating  beans  were  tried  in   the 
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same  manner^  and  now  every  one  of  the  radicled 
became  curved  away  from  the  canis,  though  one  was 
only  slightly  deflected.  ix>me  horticulturists  Wlieve 
that  certain  kinds  of  seeds  will  not  germinate  prw 
perly  in  the  middle  of  the  winter,  although  kept  at  a 
right  temperature.  If  there  really  is  any  projx'r  jvriiHl 
for  the  germination  of  the  bean,  the  feeble  degnv  of 
sensibility  of  the  alK>ve  radicles  niav  have  n^ultctl 
from  the  trial  having  been  made  in  the  middle  of  the 
winter,  and  not  simply  from  the  nights  Wing  too  ctdd. 
Lastly,  the  radicles  of  four  beans,  which  fn>m  sinne 
innate  cause  germinateil  later  than  all  the  others  of 
the  same  lot,  and  which  grew  slowly  though  appearing 
healthy,  were  similarly  tried,  and  even  after  24  h,  they 
were  hardly  at  all  deflected  from  the  attached  canls 
We  may  therefore  infer  that  any  cause  which  n^nders 
the  gro^ih  of  the  radicles  either  slower  or  more  rapid 
than  the  normal  rate,  lessons  or  annuls  the  sinisibilitv 
of  their  tips  to  contact.  It  deserves  particular  atten- 
tion that  when  the  attached  objects  failed  to  net,  there 
was  no  bending  of  any  kind,  excepting  Sachs*  curva- 
ture. The  force  of  our  evidence  would  have  bcK>n 
greiitly  weakened  if  occasionally,  though  rarely,  the 
radicles  had  become  curved  in  anv  direction  inile- 
pendently  of  the  attached  objects.  In  the  foregoing 
numbered  paragraphs,  however,  it  may  be  observed 
that  the  extreme  tip  sometimes  becomes,  after  a  con- 
siderable interval  of  time,  abruptly  curved  towartls  the 
bit  of  card ;  but  this  is  a  totally  distinct  phenonienon, 
as  will  presently  be  explained. 

Summary  of  the  Results  of  the  foregoing  Eajyerimentb 
on  the  Radicles  ofViciafaba. — Altogether  little  squares 
(about  g^^jth  of  an  inch),  generally  of  sanded  paper 
as  stiff  as  thin  card  (between  '15  and  "20  mm.  in 
thickness),  sometimes  of  ordinary  card,  or  little  frag- 


144  SENSITIVENESS  OF  THE  APKX  Chap.  IIL 

ments  of  very  thin  glass,  &c.,  were  affixed  at  different 
times  to  one  side  of  the  conical  tifjs  of  55  radicles. 
The  11  last-mentioned  cases,  but  not  the  preliminary 
ones,  are  here  included.  The  squares,  &c.,  were  most 
commonly  affixed  with  shellac,  but  in  19  cases  with 
thick  gum-water.  When  the  latter  was  used,  the 
squares  were  sometimes  found,  as  previously  stated, 
to  be  separated  from  the  apex  by  a  layer  of  thick 
fluid,  80  that  there  was  no  contact,  and  conse- 
quently no  bending  of  the  radicle;  and  such  few 
cases  were  not  recorded.  But  in  every  instance  in 
which  shellac  was  em])loyed,  unless  the  square  fell 
off  very  soon,  the  result  was  recorded.  In  several 
instances  when  the  squares  became  displaced,  so  as 
to  stand  parallel  to  the  radicle,  or  were  separated  by 
fluid  from  the  apex,  or  soon  fell  off,  fresh  squares 
were  attached,  and  these  cases  (described  under  the 
numbered  paragraphs)  are  here  included.  Out  of 
55  radicles  experimented  on  under  the  proper  tempe- 
rature, 52  became  bent,  generally  to  a  considerable 
extent  from  the  perpendicular,  and  away  from  the 
side  to  which  the  object  was  attached.  Of  the  three 
failures,  one  can  bo  accounted  for,  as  the  radicle 
became  sickly  on  the  following  day;  and  a  second 
was  observed  only  during  11  h.  30  m.  As  in  several 
cases  the  tenninal  growing  part  of  the  radicle  continued 
for  some  time  to  bend  from  the  attached  object,  it 
formed  itself  into  a  hook,  with  the  apex  pointing  to 
the  zenith,  or  even  into  a  ring,  and  occasionally  into  a 
spire  or  helix.  It  is  remarkable  that  these  latter  cases 
occurred  more  frequently  when  obj<*cts  were  attached 
with  thick  gum- water,  which  wax  or  became  dry,  than 
when  shellac  \\i\s  employed.  The  curvature  was  often 
well-marked  in  from  7  h.  to  11  h. ;  and  in  one  instance 
u  semicircle  was  formed  in  6  h.  10  m.  from  the  time 
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of  attachment.  But  in  order  to  see  the  phenomenon 
as  well  displayed  as  in  the  above  described  crises,  it  is 
indispensable  that  the  bits  of  card,  Jcc.,  should  be 
made  to  adhere  closely  to  one  side  of  the  conical 
apex;  that  healthy  radicles  should  be  selected  i\\\d 
kept  at  not  too  high  or  too  low  a  temperature,  and 
apparently  that  the  trials  should  not  ))e  made  iu  the 
middle  of  the  winter. 

In  ten  instances,  radicles  which  had  curveil  away 
from  a  square  of  card  or  other  object  attacheil  to  their 
tips,  straightened  themselves  to  a  certain  extent,  or 
even  completely,  in  the  course  of  from  one  to  two  days 
from  the  time  of  attachment.  This  was  more  espe- 
cially apt  to  occur  when  the  curvature  was  slight. 
But  in  one  instance  (No.  27)  a  radicle  which  in  9  h. 
had  been  deflected  about  90^  from  the  perpendicular, 
became  quite  straight  in  24  h.  from  the  period  of 
attachment.  With  No.  26,  the  radicle  was  almost 
straight  in  48  h.  We  at  first  attributed  the  straighten- 
ing process  to  the  radicles  becoming  accustomed  to  a 
slight  stimulus,  in  tlie  same  manner  as  a  tendril  or 
sensitive  petiole  becomes  accustomed  to  a  very  light 
loop  of  thread,  and  unb^^nds  itself  though  the  hnip 
remains  still  suspended;  but  Sachs  states  *  that  radicles 
of  the  bean  placed  horizontally  in  damp  air  after 
curving  downwards  through  geotropism,  straighten 
themselves  a  little  by  growth  along  their  lower  or 
concave  sides.  Why  this  should  occur  is  not  clear: 
but  perhaps  it  likewise  occurred  in  the  above  ten 
coses.  There  is  another  occasional  movement  which 
must  not  be  passed  over :  the  tip  of  the  radicle,  for  a 
length  of  from  2  to  3  mm.,  was  found  in  six  instances, 


•  Arbciton  Bot.  Inbtit.,  Wurzburg,*  Heft  iii.  p.  456. 
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after  an  interval  of  about  24  or  more  hours,  bent 
towards  the  bit  of  still  attached  card, — that  is,  in  a 
direction  exactly  opposite  to  the  previously  induced 
curvature  of  the  whole  growing  part  for  a  length  of 
from  7  to  8  mm.  This  occurred  chiefly  when  the  first 
curvature  was  small,  and  when  an  object  had  been 
affixed  more  than  once  to  the  apex  of  the  same  rudicle. 
The  attachment  of  a  bit  of  card  by  shellac  to  one 
side  of  the  tender  apex  may  sometimes  mechanically 
prevent  its  growth ;  or  the  application  of  thick  gum- 
water  more  than  once  to  the  same  side  may  injure  it; 
and  then  checked  growth  on  this  side  with  continued 
growth  on  the  opposite  and  unaffected  side  would 
account  for  the  reversed  curvature  of  the  apex. 

Various  trials  were  made  for  ascertaining,  as  far 
as  we  could,  the  nature  and  degree  of  irritation  to 
which  the  apex  must  be  subjected,  in  order  that  the 
terminal  growing  part  should  bend  away,  as  if  to 
avoid  the  cause  of  irritation.  We  have  seen  in  the 
numbered  experiments,  that  a  little  square  of  rather 
thick  letter-paper  gummed  to  the  apex  induced, 
though  slowly,  considerable  deflection.  Judging  from 
several  cases  in  which  various  objects  had  been  affixed 
with  gum,  and  had  soon  become  separated  from  the 
apex  by  a  layer  of  fluid,  as  well  as  from  some  trials 
in  which  drops  of  thick  gum- water  alone  had  been 
applied,  this  fluid  never  causes  bending.  We  have 
also  seen  in  the  numbered  experiments  that  narrow 
splinters  of  quill  and  of  very  thin  glass,  affixed  with 
siiellac,  caused  only  a  slight  degree  of  deflection,  and 
this  may  perhaps  have  been  due  to  the  shellac 
itself.  Little  squares  of  goldbeaters*  skin,  which  is 
excessively  thin,  were  damped,  and  thus  made  to 
adhere  to  one  side  of  the  tips  of  two  radicles ;  one  of 
these,  after  24  h.,  produced  no  eff(?et ;  nor  did  the 
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Other  in  S  k,  within  vhich  tiiuo  :s<|uan'S  o:  oaixl  usually 
act ;  hot  after  24  h.  thtrr^  iias  sliirht  lit  divtiou. 

An  oral  bead^  or  rather  cake,  ot  ilrit\l  shoUrto, 
I  01  mm.  in  length  and  0'(m  in  bn^adih,  oaus^ni  a 
nidicle  to  become  deflecteil  at  nearlv  ri^ht  anjrlos  in 
the  conrse  of  onlv  6  h  •  but  after  2o  h.  it  had  m^irlv 
straightened  itself.  A  very  small  quantity  of  diss^dvtHl 
shellac  was  spread  over  a  bit  of  canl,  and  the  tijvs  ot 
9  radicles  were  touched  laterally  with  it ;  onlv  two  of 
them  became  slightly  deflecteil  to  the  side  opiHvsite 
to  that  bearing  the  speck  of  drieil  shellac,  and  they 
aften^ards  straightened  themselves.  These  sinvks 
were  removed,  and  both  together  weighed  loss  than 
j^th  of  a  grain;  so  that  a  weight  of  rather  loss 
than  j^th  of  a  grain  (0*32  mgs.)  suflioed  to  excite 
movement  in  two  out  of  the  nine  radicles.  llon> 
then  we  have  apparently  reached  nearly  the  niininnim 
weight  which  will  act. 

A  moderately  thick  bristle  (which  on  incMisnnuntMit 
was  found  rather  flattened,  being  0*33  nun.  in  ono 
diameter,  and  0*20  mm.  in  the  other)  was  cut  into 
lengths  of  about  ^th  of  an  inch.  These  after  being 
touched  with  thick  gum-water,  were  placed  on  the  tip 
of  eleven  radicles.  Three  of  them  were  afli'ctod  ;  one 
being  deflected  in  8  h.  15  m.  to  an  angle  of  about  DO" 
from  the  perpendicular;  a  second  to  the  same  amount 
when  looked  at  after  9  h. ;  but  after  24  li.  from  th(» 
time  of  first  attachment  tlie  deflection  had  dccrcawMl 
to  only  19^ ;  the  third  was  only  slightly  dofloclcd 
after  9  h.,  and  the  bit  of  bristle  was  then  found  not 
touching  the  apex;  it  was  replaced,  and  after  IT) 
additional  hours  the  deflection  amounted  to  20 '  from 
the  perpendicular.  The  remaining  eight  radicle* 
were  not  at  all  acted  on  by  the  bits  of  bristle*,  ho  that 
we  here  appear  to  have  nearly  reached  the  minimuir 
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of  size  of  an  object  which  will  act  on  the  radicle  of 
the  beao.  But  it  is  remarkable  that  when  the  bits  of 
bristle  did  act,  that  they  should  have  acted  so  quickly 
and  efficiently. 

As  the  apex  of  a  radicle  in  penetrating  the  ground 
must  be  pressed  on  all  sides,  we  wished  to  learn 
whether  it  could  distinguish  between  harder  or  more 
resisting,  and  softer  substances.  A  square  of  the  sanded 
paper,  almost  as  stiff  as  card,  and  a  square  of  extremely 
thin  paper  (too  thin  for  writing  on),  of  exactly  the 
same  size  (about  ^f^th  of  an  inch),  were  fixed  with 
shellac  on  opposite  sides  of  the  apices  of  12  suspended 
radicles.  The  sanded  card  was  between  0  15  and 
0  *  20  mm.  (or  between  0  •  0059  and  0  •  0079  of  an  inch), 
and  the  thin  paper  only  0*045  mm.  (or  0*00176  of  an 
inch)  in  thickness.  In  8  out  of  the  12  cases  there 
could  be  no  doubt  that  the  radicle  was  deflected  from 
the  side  to  wliich  the  card-like  paper  was  attached,  and 
towards  the  oj)posite  side,  bearing  the  very  thin  paper. 
This  occurred  in  some  instances  in  9  h.,  but  in  others 
not  until  24  h.  had  elapsed.  Moreover,  some  of  the 
four  failures  can  hardly  be  considered  as  really  failures : 
thus,  in  one  of  them,  in  which  the  radicle  remained 
quite  straight,  the  square  of  thin  paper  was  found, 
when  both  were  removed  from  the  apex,  to  have  been 
so  thickly  coated  with  shellac  that  it  wiis  almost  as 
stiflf  as  the  card :  in  the  second  case,  the  radicle  was 
bent  upwards  into  a  semicircle,  but  the  deflection 
was  not  directly  from  the  side  bearing  the  card,  and 
this  was  explained  by  the  two  squares  having  become 
cemented  laterally  together,  forming  a  sort  of  stiflf 
gable,  from  which  the  radicle  was  deflected :  in  the 
third  case,  the  square  of  card  had  been  fixed  by 
mistake  in  front,  and  though  there  ^^as  deflection 
from  it,  this  might  have  been  due  to  Sachs*  curvature . 
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in  the  iVmrth  case  alone  no  K'Ason  c»^uM  l»e  a5si;:neJ 
whv  the  radicle  ha»i  not  been  at  all  dedtH.*te»,l,  These 
experiments  suffice  to  prv^ve  that  the  ajvx  of  the 
radicle  p>5isesses  the  extrai^rdinary  jH^wer  of  dis^^ri- 
minating  between  thin  canl  and  very  thin  jvij^r,  and 
is  tlet!ecte«l  fi»in  the  side  presstnl  by  the  more  rt^ 
sisting  or  harder  substance. 

Some  trials  were  next  made  by  irritatinir  the  tij^ 
without  any  object  being  lett  in  contact  i*ith  them. 
Nine  radicles,  suspended  over  water,  had  their  tij^ 
rubbed,  each  six  times  with  a  nee^lle,  with  sufficient 
force  to  shake  the  whole  bean  :  the  temperature  was 
favourable,  viz,  about  63'  F.  In  7  out  of  these  cast^ 
no  effect  whatever  was  proiluced ;  in  the  eighth  cas»^ 
the  radicle  became  sliirhtlv  deflected  from,  and  in  the 
ninth  case  slijrhtlv  deflected  towanls,  the  nibbeil  siile : 
but  these  two  latter  opposed  curvatures  were  pndvibly 
acci<lental,  jis  radicles  do  not  always  gn.>w  j>erfei*tly 
straight  downwanis.  The  tips  of  two  other  radicles 
were  nibbed  in  the  sj^nie  manner  for  15  secomls  with 
a  little  round  twig,  two  others  for  30  seconds,  and  two 
others  for  1  minute,  but  without  any  effect  being  pn>- 
(luced.  We  mav  therefore  conclude  from  these  15 
trials  that  the  radicles  are  not  sensitive  to  temiH^rary 
contact,  but  are  aete<l  on  only  by  prolonged,  tliougli 
very  slight,  pressure. 

We  then  tried  the  effects  of  cuttinc:  off  a  verv  thin 
slice  parallel  to  one  of  the  sloping  sides  of  the  apex, 
as  we  thought  that  the  wound  would  cause  prolongt^d 
irritation,  which  might  induce  bending  towards  the 
opposite  side,  as  in  the  case  of  an  attached  object. 
Two  preliminary  trials  were  made :  firstly,  slices  were 
cut  from  the  radicles  of  6  beans  suspended  in  damp 
air,  with  a  pair  of  scissors,  which,  though  sharp, 
probably  caused  considerable  crushing,  and  no  curva- 


150  SENSITIVENESS  OF  THE  APEX        Chap.  IH. 

hire  followed.  Secondly,  thin  slices  were  cut  with  a 
razor  obliquely  off  the  tips  of  three  radicles  similarly 
suspended ;  and  after  44  h.  two  were  found  plainly 
bent  from  the  sliced  surface  ;  and  the  third,  the  whole 
ai>ex  of  which  had  been  cut  oflf  obliquely  by  accident, 
was  curled  upwards  over  the  bean,*  but  it  was  not 
clearly  ascertained  whether  the  curvature  had  been  at 
first  directed  from  the  cut  surface.  These  results  led 
us  to  pursue  the  experiment,  and  18  radicles,  which 
had  grown  vertically  downwards  in  damp  air,  had  one 
side  of  their  conicul  tips  sliced  off  with  a  razor.  The 
tips  were  allowed  just  to  enter  the  water  in  the  jars, 
and  they  were  exposed  to  a  temperature  14°-16^  C. 
(57^-61^  F.).  The  observations  were  made  at  dif- 
ferent times.  Three  were  examined  12  h.  after  beinsr 
sliced,  and  were  all  slightly  curved  from  the  cut 
•jurface ;  and  the  curvature  increased  considerably  after 
an  additional  12  h.  Eight  were  examined  aft^r  19  h. ; 
four  after  22  h.  30  m.;  and  three  after  25  h.  The 
final  result  was  that  out  of  the  18  radicles  thus  tried, 
13  were  plainly  bent  from  the  cut  surface  after  the 
above  intervals  of  time;  and  one  other  became  so 
after  an  additional  interval  of  13  h.  30  m.  So  that 
only  4  out  of  the  18  radicles  were  not  acted  on.  To 
these  18  cases  the  3  previously  mentioned  ones  should 
be  added.  It  may,  therefore,  be  concluded  that  a  thin 
slice  removed  by  a  razor  from  one  side  of  the  conical 
apex  of  the  radicle  causes  irritation,  like  that  from  an 
attached  object,  and  induces  curvature  from  the  injured 
surface. 

Lastly,  dry  caustic  (nitrate  of  silver)  was  employed 
to  irritate  one  side  of  the  apex.  If  one  side  of  the 
apex  or  of  the  whole  terminal  growing  part  of  a 
radicle,  is  by  any  means  killed  or  badly  injured,  the 
other  side  continues  to  grow ;  and  this  causes  the  paii 
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following  experimenis  we  eaJ«irvMiie»J.  g^nenlly  with 
SQCcessv  to  irritixe  the  tips  oq  one  side,  without  ladiy 
injniin^r  them.  This  w^i*  eflFecieJ  br  fir^t  dryinsr  the 
tip  IS  £iir  IS  i^jissiUe  with  blottin^r-j^per.  thc^ugh  it  still 
lemAined  somewhat  damiv  and  then  tonchinir  it  onvv 
with  quite  dry  citistie.  Seventeen  radioK^?  were  thus 
tTe;ited,  and  weie  stispended  in  moist  air  over  w^ter  at 
a  tempeiatnie  of  58  F.  They  weiv  examine\l  alter 
an  interral  <rf  21  h.  or  24  h.  The  tips  of  tw\>  were 
found  blackened  equally  all  round,  so  that  th^y  could 
tell  nothing  and  were  lejeeteil,  15  beinsr  left.  Of 
these,  10  were  curred  from  the  side  which  had  been 
touched,  where  there  was  a  minute  brown  or  blackish 
mark.  Fire  of  these  radicles,  three  of  which  wert^ 
alieadT  sli<rhtlT  deflected,  were  allowed  to  enter  the 
water  in  the  jar,  and  were  re-examined  after  an  addi- 
tional interral  of  27  h.  (i.e.  in  48  h.  after  the  appli- 
cation of  the  caustic),  and  now  four  of  them  had 
become  hooked,  beins:  bent  fri>m  the  discolourtnl  side 
with  their  points  directed  to  the  zenith :  the  fifth 
remained  unaffected  and  straii^ht.  Thus  11  mdiclcs 
out  of  the  15  were  acteii  on.  But  the  cur\-ature  of 
the  four  just  described  was  so  plain,  that  thoy  alone 
would  have  sufficed  to  show  that  the  radicles  of  the 
bean  bend  away  from  that  side  of  the  apt^x  >Yhich  has 
been  sli«!:htlv  irritated  bv  caustic. 

Hie  poicer  of  an  Irn'tant  on  the  apex  oj  the  liaJu^e 


*  Ciesielski  fouDil  this  t  >  be  tlit> 
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towanU  ti.e  givAMnl  Mo^  two 
remaining  &tniight. 
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of  tlie  Bean,  compared  tcith  that  of  Geotropism, — We 
know  that  when  a  little  square  of  card  or  other 
object  is  fixed  to  one  side  of  the  tip  of  a  vertically 
dependent  radicle,  the  growing  part  bends  from  it 
often  into  a  semicircle,  in  opiX)sition  to  geotropism, 
which  force  is  conquered  by  the  effect  of  the  irri- 
tation from  the  attached  object.  Iladicles  were  there- 
fore extended  horizontally  in  damp  air,  kept  at 
the  proper  low  temperature  for  full  senaitiveness, 
and  squares  of  card  were  affixed  with  shellac  on  the 
lower  sides  of  their  tips,  so  that  if  the  squares 
acted,  the  terminal  growing  part  would  curve  upwards. 
Firstly,  eight  beans  were  so  placed  that  their  short, 
young,  horizontally  extended  radicles  would  be  simul- 
taneously acted  on  both  by  geotropism  aud  by  Sachs' 
curvature,  if  the  latter  came  into  play ;  and  they  all 
eight  became  bowed  downwards  to  tiie  centre  of  the 
earth  in  20  h.,  excepting  one  which  was  only  slightly 
acted  on.  Two  of  them  were  a  little  bowed  downwards 
in  only  5  h. !  Therefore  the  cards,  affixed  to  the  lower 
sides  of  their  tips,  seemed  to  produce  no  effect ;  and 
geotropism  easily  conquered  the  effects  of  the  irritation 
thus  caused.  Secondly,  5  oldish  radicles,  1^^  inch  in 
length,  and  therefore  less  sensitive  than  the  above- 
mentioned  young  ones,  were  similarly  placed  and 
similarly  treated.  From  what  has  been  seen  on  many 
other  occasions,  it  may  be  safely  inferred  that  if  they 
had  been  suspended  vertically  they  would  have  bent 
away  from  the  cards ;  and  if  they  had  been  extended 
horizontally,  without  cards  attached  to  them,  they 
would  have  quickly  bent  vertically  downwards  through 
geotropism ;  but  the  result  was  that  two  of  these 
radicles  were  still  horizon  till  after  23  h. ;  two  were 
curved  only  slightly,  and  the  fifth  as  much  as  40"" 
beneath  the  horizon.     Thirdly,  5  b<*ans  were  fastened 
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with  their  fl^t  surfaces  pandlel  to  the  ei»rk-lid,  so  that 
Sachs'  cunrmture  mould  not  tend  to  make  the  hori- 
zontaUy  extended  ladicli^  turn  either  upwards  or 
downwards,  and  little  squares  of  carxl  were  afiixeii  as 
before,  to  the  lower  sides  of  their  ti|^  The  result 
was  that  all  five  radicles  were  bent  down,  or  towanls 
the  centre  of  the  earth,  after  only  8  h.  2l>  m.  At 
the  same  time  and  within  the  same  jars,  3  radicles  of 
the  same  age,  with  squai.-s  affixed  to  one  side,  were 
suspended  vertically ;  and  after  8  h.  20  m.  they  were 
considerably  deflected  from  the  cards,  and  therefore 
curved  upwards  in  opposition  to  geotropism.  In  these 
latter  cases  the  irritatiim  from  the  squares  had  over- 
powered geotropism  ;  whilst  in  the  former  cases,  in 
which  the  radicles  were  extended  horizontally,  geiw 
tropism  had  overpowereil  the  irritation  Thus  within 
the  same  jars,  some  of  the  radicles  were  curving 
upwards  and  others  downwards  at  the  same  time — 
these  opposite  movements  depending  on  whether  the 
radicles,  when  the  squares  were  first  attached  to  them, 
projected  vertically  down,  or  were  extended  horizon- 
tally. This  diflerence  in  their  behaviour  seems  at  first 
inexplicable,  but  can,  we  believe,  be  simply  explained 
by  the  difference  between  the  initial  power  of  the  two 
forces  under  the  above  circumstances,  combined  with 
the  well-known  principle  of  the  after-effects  of  a  sti- 
mulus. When  a  young  and  sensitive  radicle  is  extended 
horizontally,  with  a  square  attached  to  the  lower  side 
of  the  tip,  geotropism  acts  on  it  at  right  angles,  and, 
as  we  have  seen,  is  then  evidently  more  efficient  than 
the  irritation  from  the  square  ;  and  the  power  of  geo- 
tropism will  be  strengthened  at  each  successive  period 
by  its  previous  action — that  is,  by  its  after-effects. 
On  the  other  hand,  when  a  square  is  affixed  to  a 
vertically  dependert  radicle,  and  the  apex  begins  to 
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curve  upwards,  this  movement  will  be  opposed  by  geo- 
tropism  acting  only  at  a  very  oblique  angle,  and  the 
irritation  from  the  card  will  be  strengthened  by  its 
previous  action.  We  may  therefore  conclude  that  the 
initial  power  of  an  irritant  on  the  apex  of  the  radicle 
of  the  bean,  is  less  than  that  of  geotropism  when 
acting  at  right  angles,  but  greater  than  that  of  geo- 
tropism when  acting  obliquely  on  it. 

Sensitiveness  of  the  tips  of  the  Secondary  Radicles  of  the 
Bean  to  contact, — All  the  previous  observations  relate 
to  the  main  or  primary  radicle.  Some  beans  suspended 
to  cork-lids,  w  ith  their  radicles  dipping  into  water,  had 
developed  secondary  or  lateral  radicles,  which  w^ere 
afterwards  kept  in  very  damp  air,  at  the  proper  low 
temperature  for  full  sensitiveness.  They  projected, 
as  usual,  almost  horizontally,  with  only  a  slight 
downward  curvature,  and  retained  this  position 
during  several  days.  Sachs  has  shown*  that  these 
secondary  roots  are  acted  on  in  a  peculiar  manner  by 
geotropism,  so  that  if  disphiced  they  reassume  their 
former  sub-horizontal  position,  and  do  not  bend  verti- 
cally downwards  like  the  primary  radicle.  Minute 
squares  of  the  stiff  sanded  paper  were  affixed  by 
means  of  shellac  (but  in  some  instances  with  thick 
gum- water)  to  the  tips  of  39  secondary  radicles  of 
different  ages,  generally  tlie  uppermost  ones.  Most 
of  the  squares  were  fixed  to  the  lower  sides  of  the  apex, 
so  that  if  they  acted  the  radicle  would  bend  upwards; 
but  some  were  fixed  laterally,  and  a  few  on  the  upper 
side.  Owing  to  the  extreme  tenuity  of  these  radicles, 
it  was  very  difficult  to  attach  the  square  to  the 
actual  apex.  Whether  owing  to  this  or  some  other 
circumstance,  only  nine  of  the  squares  induced  any 
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curvature.  The  curvature  amounted  in  some  cases  to 
about  45°  above  the  horizon,  in  others  to  90°,  and  then 
the  tip  pointed  to  the  zenith.  In  one  instance  a 
distinct  upward  curvature  was  observed  in  8  h.  15  m., 
but  usually  not  until  24  h.  had  elapsed.  Although 
only  9  out  of  39  radicles  were  affected,  yet  the  curva- 
ture was  so  distinct  in  several  of  them,  that  there  could 
be  no  doubt  that  the  tip  is  sensitive  to  slight  contact, 
and  that  the  growing  part  bends  away  from  the  touch- 
ing object.  It  is  possible  that  some  secondary  radicles 
are  more  sensitive  than  others  ;  for  Sachs  has  proved  * 
the  interesting  fact  that  each  individual  secondary 
radicle  possesses  its  own  peculiar  constitution. 

Sensitiveness  to  contact  of  tJie  Primary  Radicle,  a  little 
aibove  the  apex,  in  the  Bean  (  Viciafaha)  and  Pea  (Pisum 
sativum), — The  sensitiveness  of  the  apex  of  the  radicle 
in  the  previously  described  cases,  and  the  consequent 
curvature  of  the  upper  part  from  the  touching  object 
or  other  source  of  irritation,  is  the  more  remarkable, 
because  Sachs  t  has  shown  that  pressure  at  the  distance 
of  a  few  millimeters  above  the  apex  causes  the  radicle 
to  bend,  like  a  tendril,  towards  the  touching  object. 
By  fixing  pins  so  that  they  pressed  against  the  radicles 
of  beans  suspended  vertically  in  damp  air,  we  saw  this 
kind  of  curvature ;  but  rubbing  the  part  with  a  twig 
or  needle  for  a  few  minutes  produced  no  effect.  Haber- 
landt  remarks,^  that  these  radicles  in  breaking  through 
the  seed-coats  often  rub  and  press  against  the  ruptured 
edges,  and  consequently  bend  round  them.  As  little 
squares  of  the  card-like  paper  affixed  with  shellac  to 
the  tips  were  highly  efficient  in  causing  the  radicles 
to  bend  away  from  them,  similar  pieces  (of  about  -ji^^th 


•  •  Arbeiien  Bot.  Instit.,  Wiirz-  J 'DieSchutzeimiclitungendei 
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inch  square,  or  rather  less)  were  attached  in  the  same 
manner  to  one  side  of  the  radicle  at  a  distance  of  3  or 
4  mm.  above  the  apex.  In  our  first  trial  on  15  radicles 
no  effect  was  produced.  In  a  second  trial  on  the  same 
number,  three  became  abniptly  curved  (but  only  one 
strongly)  towards  the  card  within  24  h.  From  these 
cases  we  may  infer  that  the  pressure  from  a  bit  of  card 
affixed  with  shellac  to  one  side  above  the  apex,  is  hardly 
a  sufficient  irritant ;  but  that  it  occasionally  causes  the 
radicle  to  bend  like  a  tendril  towards  this  side. 

We  next  tried  the  effect  of  rubbing  several  radicles 
at  a  distance  of  4  mm.  from  the  apex  for  a  few  seconds 
with  lunar  caustic  (nitrate  of  silver) ;  and  although  the 
radicles  had  been  wiped  dry  and  the  stick  of  caustic 
was  dry,  yet  the  part  rubbed  was  much  injured  and  a 
slight  permanent  depression  was  left.  In  such  cases 
the  opposite  side  continues  to  grow,  and  the  radicle 
necessarily  becomes  bent  towards  tlie  injured  side. 
But  when  a  point  4  mm.  from  tho  apex  was  momen- 
tarily touched  with  dry  caustic,  it  was  only  faintly 
discoloured,  and  no  permanent  injury  was  caused.  This 
was  shown  by  several  radicles  thus  treated  straighten- 
ing themselves  after  one  or  two  days ;  yet  at  first  they 
became  curved  towanh  the  touched  side,  as  if  they  had 
been  there  subjected  to  slight  continued  pressure. 
These  eases  deserve  notice,  because  when  one  side  of 
the  apex  was  just  touched  with  caustic,  the  radicle,  as 
we  have  seen,  curved  itself  in  an  opposite  direction,  that 
is,  away  from  the  touched  side. 

The  radicle  of  the  common  pea  at  a  point  a  little 
above  the  apex  is  rather  more  sensitive  to  continued 
pressure  than  that  of  the  bean,  and  bends  towards  the 
pressed  side.*     We  experimented  on  a  variety  {York- 


•  Sachs.  *  A  beiten  Bot.  Institut,  Wurzburg,'  Heft  iii.  p.  438. 
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Aire  Hero)  which  has  a  much  wrinkled  tongh  skin, 
too  large  for  the  included  cotyledons :  so  that  out  of 
30  peas  which  had  been  soaked  for  24  h.  and  allowtnl 
to  germinate  on  damp  sand,  the  radicles  of  three  were 
unable  to  escape,  and  were  crumpled  up  in  a  strange 
manner  within  the  skin ;  four  other  radicles  were 
abruptly  bent  round  the  edges  of  the  ruptured  skin 
against  which  they  had  pressed.  Such  abnormalities 
woidd  probably  never,  or  \vr\  rarely,  occur  with  forms 
developed  in  a  state  of  nature  and  subjected  to  natural 
selection.  One  of  the  four  radicles  just  mentioned  in 
doubling  backwanls  came  into  contju.*t  with  the  pin 
by  which  the  jiea  was  fixe<l  to  the  cork-lid  ;  and  now  it 
bent  at  right  angles  round  the  pin,  in  a  direction  quite 
different  from  that  of  the  first  curvature  due  to  contact 
with  the  ruptured  skin  ;  and  it  thus  afforded  a  good 
illustration  of  the  tendril-like  sensitiveness  of  the 
radicle  a  little  above  the  apex. 

Little  squares  of  the  card-like  paper  were  next 
affixed  to  radicles  of  the  pea  at  4  mm.  above  the  apex, 
in  the  same  manner  as  with  the  bean.  Twenty-eight 
radicles  suspended  vertically  over  water  were  thus 
treated  on  different  occasions,  and  13  of  them  became 
curved  towards  the  cards.  The  greatest  degree  of 
curvature  amounted  to  62^  from  the  perpendicular; 
but  so  large  an  angle  was  only  once  formed.  On  one 
occasion  a  slight  cur\'aturc  was  perceptible  after  5  h. 
45  m.,  and  it  was  generally  well-marked  after  14  h. 
There  can  therefore  be  no  doubt  that  with  the  pea. 
irritation  from  a  bit  of  card  attached  to  one  side  of  tiie 
radicle  above  the  apex  suffices  to  induce  curvature. 

Squares  of  card  were  attached  to  one  side  of  the  tips 
of  11  radicles  within  the  same  jars  in  which  the  above 
trials  were  made,  and  five  of  them  became  plainly, 
and  one  slightly,  curved  away  from  this  side.     Otlier 
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analogous  cases  will  be  immediately  described.  The 
fact  is  here  mentioned  because  it  was  a  striking  spec- 
tacle, showing  the  difiference  in  the  sensitiveness  of 
the  radicle  in  different  parts,  to  behold  in  the  same 
jar  one  set  of  radicles  curved  away  from  the  squares  on 
their  tips,  and  another  set  curved  towards  the  squares 
attached  a  little  higher  up.  Moreover,  the  kind  of 
curvature  in  the  two  cases  is  different.  The  squares 
attached  above  the  apex  cause  the  radicle  to  bend 
abruptly,  the  part  above  and  beneath  remaining  nearly 
straight ;  so  that  here  there  is  little  or  no  transmitted 
effect.  On  the  other  hand,  the  squares  attached  to 
the  apex  affect  the  radicle  for  a  length  of  from  about 
4  to  even  8  mm.,  inducing  in  most  cases  a  sym- 
metrical curvature;  so  that  here  some  influence  is 
transmitted  from  the  apex  for  this  distance  along  the 
radicle. 

Pisum  sativum  (var,  Yorkshire  Uero) :  Sensitiveness  of 
tlie  apex  of  the  iJarf«c/e.— Little  squares  of  the  same  card- 
like paper  were  affixed  (April  24th)  with  shellac  to 
one  side  of  the  apex  of  10  vertically  suspended  radicles : 
the  temperature  of  the  water  in  the  bottom  of  the  jars 
was  60°-61°  F.  Most  of  these  radicles  were  acted  on 
in  8  h.  30  m. ;  and  eight  of  them  became  in  the  course 
of  24  h.  conspicuously,  and  the  remaining  two  slightly, 
deflected  from  the  perpendicular  and  from  the  side 
bearing  the  attached  squares.  Thus  all  were  acted  on ; 
but  it  will  suffice  to  describe  two  conspicuous  cases. 
In  one  the  terminal  portion  of  the  radicle  was  bent  at 
right  angles  (A,  Fig.  66)  after  24  h. ;  and  in  the  other 
(B)  it  had  by  this  time  become  hooked,  with  the  apex 
pointing  to  the  zenith.  The  two  bits  of  card  here  used 
were  '07  inch  in  length  and  '04  inch  in  breadth.  Two 
other  radicles,  which  after  8  h.  30  m.  were  moderately 
deflected,  became  straight  again  after  24  h.     Another 
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trial  v^is  made  in  the  same  manner  with  15  radicles ; 
bnt  from  circumstances,  not  worth  explainiuir,  they 
only  once  and  briefly  examined  alter  the  short 


-A. 


B. 


Pitum  Mfi'mm;  deriectioD  pn>Joced  within  24  hoon  id  the  f;rowth  of 
Teiticallr  dependent  ndicles,  br  little  xiuare^  of  card  artiied  with 
shellac  to  one  side  of  apex :  A,  bent  at  right  angles ;  1^  hot^ked. 

interval  of  5  h.  30  m. ;  and  we  merely  reconl  in  our 
notes  "  almost  all  bent  slightly  from  the  peqH?ndiculrtr, 
and  away  from  the  squares ;  the  deflection  amounting 
in  one  or  two  instances  to  nearly  a  rectangle."  These 
two  sets  of  cases,  especially  the  first  one,  prove  that 
the  apex  of  the  radicle  is  sensitive  to  slight  contact 
and  that  the  upper  jwirt  bends  fn>m  the  t(»iiching 
object.  Nevertheless,  on  June  1st  and  4th,  S  other 
radicles  were  tried  in  the  same  manner  at  a  tompeni- 
ture  of  58^-60°  F.,  and  after  24  h  onlv  1  was  decidtHllv 
lient  from  the  card,  4  slightly,  2  doubtfully,  and  1  ni»t 
in  the  least.  The  amount  of  curvature  was  unaci^ount- 
ably  small ;  but  all  the  radicles  which  were  at  all  In^nt, 
were  bent  away  from  the  cards. 

We  now  tried  the  eflects  of  widely  difl'oront  tempera- 
tures on  the  sensitiveness  of  these  radicles  with  squares 
8 
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of  card  attached  to  their  tips.  Firstly,  13  peas,  most 
of  them  having  very  short  and  young  radicles,  were 
placed  in  an  ice-box,  in  which  the  temperature  rose 
during  three  days  from  44°  to  47'^  F.  They  grew  slowly, 
but  10  out  of  the  13  became  in  the  course  of  the  three 
days  very  slightly  curved  from  the  squares ;  the  other 
3  were  not  aflected ;  so  that  this  te^lperature  was  too 
low  for  any  high  degree  of  sensitiveness  or  for  much 
movement.  Jars  with  13  other  radicles  were  next 
placed  on  a  chimney-piece,  where  they  were  subjected 
to  a  temperature  of  between  68*^  and  72**  F.,  and 
after  24  h.,  4  were  conspicuously  curved  from  the 
cards,  2  slightly,  and  7  not  at  all ;  so  that  this  tem- 
perature was  rather  too  high.  Lastly,  12  radicles 
were  subjected  to  a  temperature  varying  between 
72°  and  85°  F.,  and  none  of  them  were  in  the  least 
affected  by  the  squares.  The  above  several  trials, 
especially  the  first  recorded  one,  indicate  that  the 
most  favourable  temperature  for  tlie  sensitiveness  of 
tlie  radicle  of  the  pea  is  about  60°  F. 

The  tii)S  of  6  vcrticidly  dependent  radicles  were 
touched  once  with  dry  caustic,  in  tlie  manner  described 
under  Vicia  faha.  After  24  h.  four  of  them  were  bent 
from  the  side  bearing  a  minute  black  mark ;  and  the 
curvature  increased  in  one  case  after  38  h.,  and  in 
another  case  after  48  h.,  until  the  terminal  part  pro- 
jected almost  horizontally.  The  two  remaining  ra- 
dicles were  not  affected. 

With  radicles  of  the  bean,  when  extended  horizonidlhj 
in  damp  air,  geotropism  always  conquered  the  effects 
of  the  irritation  caused  by  squares  of  card  attached  to 
the  lower  sides  of  their  tips.  A  similar  experiment 
was  tried  on  13  radicles  of  the  pea ;  tlie  squares  being 
attached  with  shellac,  and  the  temperature  between 
58°-60°  F.     The  result  was  somewhiit  different;  for 
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these  radicles  are  either  less  strongly  acted  on  by 
geotropism,  or,  what  is  more  probable,  are  more  sen- 
sitive to  contact.  After  a  time  geotropism  always 
I »re vailed,  but  its  action  was  often  delayed ;  and  in 
tliree  instances  there  was  a  most  curious  stru^rsfle 
between  geotropism  and  the  irritation  caused  by  the 
cards.  Four  of  the  lo  radicles  were  a  little  curved 
downwards  within  G  or  8  h.,  always  reckoning  from 
the  time  when  the  squares  wrre  first  attached,  and 
after  23  h.  three  of  them  poinded  vertically  down- 
wards, and  the  fourth  at  an  angle  of  45°  beneath  the 
horizon.     These  four  radicles  therefore  did  not  seem 


Fig.  t>7. 


A.  B. 

Ptewi  #a/irtfm;  a  radicle  extended  horizontally  in  damp  air  with  a  little 
sqaare  of  card  affixed  to  the  lower  aide  of  its  tip,  causing;  it  to  bend 
upwards  in  opposition  to  cjeotropism.  The  deflection  of  the  radicle 
after  21  hours  is  shown  at  A,  and  of  the  «ame  radicle  after  46  hours  at 
B,  now  forming  a  loop. 

to  have  been  at  all  affected  by  the  attaclied  squares. 
Four  others  were  not  acted  on  by  geotropism  within 
the  first  6  or  8  h.,  but  after  23  h.  were  much  bowed 
down.  Two  others  remained  almost  horizontal  for 
23  h.,  but  afterwards  were  acted  on.  So  that  in  these 
latter  six  cases  the  action  of  geotropism  was  much 
delayed.  The  eleventh  radicle  was  slightly  curved 
down  after  8  h.,  but  when  looked  at  again  after  23  h. 
the  terminal  portion  was  curved  upwards;  if  it  had 
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been  longer  observed,  the  tip  no  doubt  would  have 
been  found  again  curved  down,  and  it  would  have 
formed  a  loop  as  in  the  following  case.  The  twelfth 
radicle  after  (i  h.  was  slightly  curved  downwards ;  but 
when  looked  at  again  after  21  h.,  this  curvature  had 
disappeared  and  the  apex  pointed  upwards ;  after  30  h. 
the  radicle  formed  a  hook,  as  shown  at  A  (Fig.  67) ; 
which  hook  after  4')  h.  was  converted  into  a  loop  (B). 
1'he  thirteentli  radicle  after  6  h.  was  slightly  curved 
downwards,  but  within  21  h.  had  curved  considerably 
up,  and  then  down  again  at  an  angle  of  45°  beneath 
the  horizon,  afterwards  becoming  perpendicular.  In 
these  three  last  cases  geotropism  and  the  irritation 
caused  by  the  attached  squares  alternately  prevailed 
in  a  highly  remarkable  manner;  geotropism  being 
ultimately  victorious. 

Similar  experiments  were  not  always  quite  so  suc- 
cessful as  in  the  above  cases.  Thus  6  radicles,  horizon- 
tally extended  witli  attached  scjuares,  were  tried  on 
June  8th  at  a  proper  temperature,  and  after  7  h.  30  m. 
none  were  in  the  least  curved  upwards  and  none  were 
distinctly  geotropic ;  whereas  of  G  radicles  without  any 
attached  squares,  which  served  as  standards  of  com- 
parison or  controls,  3  became  slightly  and  3  almost 
rectangularly  geotropic  within  the  7  h.  30  m.;  but 
after  23  h.  the  two  lots  were  equally  geotropic.  On 
July  10th  another  trial  was  made  with  ()  horizontally 
extended  radicles,  with  squares  attached  in  the  Siime 
manner  beneath  their  tips ;  and  after  7  h.  30  m.,  4  were 
slightly  geotropic,  1  remained  horizontal,  and  1  was 
curved  upwards  in  opposition  to  gravity  or  geotropism. 
This  latter  radi(*le  after  48  h.  formed  a  loop,  like  that 
at  ]i  (Fig.  67). 

An  analogous  trial  was  now  made,  but  instead  of 
attaching  squares  of  card   to  the  lower  sides  of  the 
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tips,  these  were  touched  with  dry  caustic.  The  details 
of  the  experiment  will  be  given  in  the  chapter  on 
Geotropism,  and  it  will  suffice  here  to  say  that  10 
peas,  with  radicles  extended  horizontally  and  not  cau- 
terised, were  laid  on  and  under  damp  friable  peat ; 
these,  which  served  as  standards  or  controls,  as  well  as 
10  others  which  had  been  touched  on  the  upper  side 
with  the  caustic,  all  became  strongly  geotropic  in  24  h. 
Nine  radicles,  similarly  placed,  had  their  tips  touched 
on  the  lower  side  with  the  caustic ;  and  after  24  h., 

3  were  slightly  geotropic,  2  remained  horizontal,  and 

4  were  bowed  upwards  in  opposition  to  gravity  and  to 
geotropism.  This  upward  curvature  was  distinctly 
visible  in  8  h.  45  m.  after  the  lower  sides  of  the  tips 
had  been  cauterised. 

Little  squares  of  card  were  affixed  with  shellac  on 
two  occasions  to  the  tips  of  22  young  and  short 
secondary  radicles,  which  had  been  emitted  from  the 
primary  radicle  whilst  growing  in  water,  but  were  now 
suspended  in  damp  air.  Besides  the  difficulty  of 
attaching  the  squares  to  such  finely  pointed  objects 
as  were  these  radicles,  the  temperature  was  too  high, 
— varying  on  the  first  occasion  from  72°  to  77°  F.,  and 
on  the  second  being  almost  steadily  78°  F. ;  and  this 
probably  lessened  the  sensitiveness  of  the  tips.  The 
result  was  that  after  an  interval  of  8  h.  30  m.,  6  of  the 
22  radicles  were  bowed  upwards  (one  of  them  greatly) 
in  opposition  to  gravity,  and  2  laterally ;  the  remain- 
ing 14  were  not  aflTected.  Considering  the  unfavour- 
able circumstances,  and  bearing  in  mind  the  case  of 
the  bean,  the  evidence  appears  sufficient  to  show  that 
the  tips  of  the  secondary  radicles  of  the  pea  are 
sensitive  to  slight  contact. 

Phaspolus  multiflorus :  Sensitiveness  of  the  apex  of  the 
Radicle, — Fifty-nine  radicles  \^ere  tried  with  squares 
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of  various  sizes  of  the  same  card-like  paper,  also  witb 
bits  of  thin  glass  and  rough  cinders,  affixed  with  shellac 
to  one  side  of  the  apex,  llather  large  drops  of  the 
dissolved  shellac  were  ahso  placed  on  them  and  allowed 
to  set  into  hard  beads.  The  specimens  were  subjected 
to  various  temperatures  between  60'^  and  72^  F.,  more 
commonly  at  about  the  latter.  But  out  of  this  con- 
siderable number  of  trials  only  5  radicles  were  plainly 
bent,  and  8  others  slightly  or  even  doubtfully,  from 
the  attached  objects ;  the  remaining  46  not  being  at 
all  affected.  It  is  therefore  clear  that  the  tips  of  the 
radicles  of  this  Phaseolus  are  much  less  sensitive  to 
contact  than  are  those  of  the  bean  or  pea.  We 
thought  that  they  might  be  sensitive  to  harder 
pressure,  but  after  several  trials  we  could  not  devise 
any  method  for  pressing  harder  on  one  side  of  the 
apex  than  on  the  other,  without  at  the  same  time 
offering  mechanical  resistance  to  its  growth.  We 
therefore  tried  ofher  irritants. 

The  tips  of  13  radicles,  dried  with  blotting-paper, 
were  thrice  touched  or  just  rubbed  on  one  side 
with  dry  nitrate  of  silver.  They  were  rubbed  thrice, 
because  we  supposed  from  the  foregoing  trials,  that 
the  tips  were  not  highly  sensitive.  After  24  h.  the 
tips  were  found  greatly  blackened ;  6  were  blackened 
equally  all  round,  so  that  no  curvature  to  any  one 
side  could  be  expected;  6  wore  much  blackened  on 
one  side  for  a  length  of  about -i-'uth  of  an  inch,  and 
this  length  became  curved  at  right  angles  totcards  the 
blackened  surface,  the  curvature  afterwards  increasing 
in  several  instances  until  little  hooks  were  formed. 
It  was  manifest  that  the  blackened  side  was  so  much 
injured  that  it  could  not  grow,  whilst  the  opposite 
side  continued  to  grow.  One  alone  out  of  these  13 
radicles  became  curved  from  the  blackened  side,  the 
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currature  extending  for  some  little  distance  above 
the  apex. 

After  the  experience  thus  gained,  the  tips  of  six 
almost  dry  radicles  were  once  touched  with  the  dry 
caiustic  on  one  side ;  and  after  an  interval  of  10  m. 
were  allowed  to  enter  water,  which  was  kept  at  a 
temperature  of  65°-G7^  F.  The  result  was  that  after 
an  interval  of  8  h.  a  minute  blackish  speck  could 
just  be  distinguished  on  one  side  of  the  apex  of  five 
of  these  radicles,  all  of  which  became  curved  towards 
the  opposite  side — in  two  cases  at  about  an  angle 
of  45"^ — in  two  other  cases  at  nearly  a  rectangle — and 
in  the  fifth  case  at  above  a  rectangle,  so  that  the  apex 
was  a  little  hooked ;  in  this  latter  case  the  black  mark 
was  rather  larger  than  in  the  others.  After  24  h. 
from  the  application  of  the  caustic,  the  curvature  of 
three  of  these  radicles  (including  tlie  hooked  one)  had 
diminished;  in  the  fourth  it  remained  the  same,  and 
in  the  fifth  it  had  increased,  the  tip  being  now  hooked. 
It  has  been  said  that  after  8  h.  black  specks  could 
be  seen  on  one  side  of  the  apex  of  five  of  the  six 
radicles  ;  on  the  sixth  the  speck,  which  was  extremely 
minute,  was  on  the  actual  apex  and  therefore  central ; 
and  this  radicle  alone  did  not  become  curved.  It  was 
therefore  again  touched  on  one  side  with  caustic,  and 
after  15  h.  30  m.  was  found  curved  from  the  perjien- 
dicular  and  from  the  blackened  side  at  an  angle  of  34 ', 
which  increased  in  nine  additional  hours  to  54°. 

It  is  therefore  certain  that  the  apex  of  the  radicle 
of  this  Phaseolus  is  extremely  sensitive  to  caustic, 
more  so  than  that  of  the  bean,  though  the  latter  is 
far  more  sensitive  to  pressure.  In  the  experiments 
just  given,  the  curvature  from  the  slightly  cauterised 
side  of  the  tip,  extended  along  the  radicle  for  a 
length   of  nearly  10  mm. ;  whereas   in   the  first   set 
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of  experiments,  when  the  tips  of  several  were  greatly 
blackened  and  injured  on  one  side,  so  that  their  growth 
was  arrested,  a  length  of  less  than  3  mm.  became 
curved  towanh  the  much  blackened  side,  owing  to  the 
continued  growth  of  the  opposite  side.  This  diflFer- 
encjc  in  the  results  is  interesting,  for  it  shows  that  too 
strong  an  irritant  does  not  induce  any  transmitted 
eflRect,  and  does  not  cause  the  adjoining,  upper  and 
growing  part  of  the  radicle  to  bend.  We  have  analo- 
gous cases  with  Drosera,  for  a  strong  solution  of  car- 
bonate of  ammonia  when  absorbed  by  the  glands,  or 
too  great  heat  suddenly  applied  to  them,  or  crushing 
them,  does  not  cause  the  basal  part  of  the  tentacles 
to  bend,  whilst  a  weak  solution  of  the  carbonate,  or  a 
moderate  heat,  or  slight  pressure  always  induces  such 
bending.  Similar  results  were  observed  with  Dionsea 
and  Pinguicula. 

The  effect  of  cutting  off  with  a  razor  a  thin  slice 
from  one  side  of  the  conical  apex  of  14  young  and 
short  radicles  was  next  tried.  Six  of  them  after  being 
operated  on  were  suspended  in  damp  air ;  the  tips  of 
the  other  eight,  similarly  suspended,  were  allowed  to 
enter  water  at  a  temperature  of  about  65^  F.  It  was 
recorded  in  each  case  which  side  of  the  apex  had 
been  sliced  off,  and  when  they  were  afterwards 
examined  the  direction  of  the  curvature  was  noted, 
before  the  record  was  consulted.  Of  the  six  radicles 
in  damp  air,  three  had  their  tips  curved  after  an 
interval  of  10  h.  15  m.  directly  away  from  the  sliced 
3urface,  whilst  the  other  three  were  not  affected  and 
remained  straight;  nevertheless,  one  of  them  after 
13  additional  hours  became  slightly  curved  from  the 
sliced  surface.  Of  the  eight  radicles  with  their  tips 
immersed  in  water,  seven  were  plainly  curved  away 
from  the  sliced  surfaces  after  10  h.  15  m. ;  and  witb 
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respect  to  the  eighth  which  remained  quite  straight, 
too  thick  a  slice  had  been  accidentallv  remoTcd.  so 
that  it  hardly  formed  a  real  exception  to  the  general 
result.  When  the  seven  radicles  wei^  Wked  at 
again,  after  an  interval  of  23  h.  fn.»m  the  time  of 
slicing,  two  had  become  distorted ;  fuur  were  deflected 
at  an  angle  of  about  70'  from  the  perpendicular  and 

from  the  cut  surface :  and  one  w:is  deflt-cted  at  nearly 

• 

9U^,  so  that  it  projectetl  alni<:»st  horizontally,  but  with 
the  extreme  tip  now  beginning  to  l»en«l  downwards 
through  the  action  of  geotropism.  It  is  therefore 
manifest  that  a  thin  slice  cut  uff  one  side  of  the  conical 
apex,  causes  the  upper  gn.»wing  jmrt  of  the  radicle  of 
this  Phaseolus  to  bend,  through  the  tnuismitte<l  effects 
of  the  irritation,  awav  from  the  sliced  surface. 

Tropeecium  majus:  Sensiiiveness  of  the  apex  of  the 
Radicle  to  contact. — Little  squares  of  card  were  attacheil 
with  shellac  to  one  side  of  the  tips  of  19  radicles,  some 
of  which  were  subjected  to  78^  F.,  and  others  to  a 
much  lower  temi)eratiire.  Only  3  became  plainly 
curved  from  the  squares,  5  slightly,  4  doubtfully, 
and  7  not  at  all.  These  seeds  were,  as  we  believed, 
old,  so  we  procured  a  fresh  lot,  and  now  the  results 
were  widely  different.  Twenty-ihree  were  tried  in 
the  same  manner ;  five  of  the  squares  produced  no 
effect,  but  three  of  these  cases  were  no  real  exceptions, 
for  in  two  of  them  the  squares  had  slipped  and  were 
parallel  to  the  apex,  and  in  the  third  the  shellac  was 
in  excess  and  had  spread  equally  all  round  the  apox. 
One  radicle  was  deflected  only  slightly  from  the 
perpendicular  and  from  the  card  ;  whilst  seventeen 
were  plainly  deflected.  The  angles  in  several  of  these 
latter  cases  varied  between  40^  and  65°  from  the 
perpendicular ;  and  in  two  of  them  it  amounted  after 
15  h.  or  16  h.  to  about  90°.     In  one  instance  a  loop 
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was  nearly  completed  in  16  h.  There  can,  therefore 
be  no  doubt  that  the  apex  is  higl  ly  sensitive  to  slight 
contact,  and  that  the  upper  part  of  the  radicle  bends 
nway  from  the  touching  object. 

Gossypium  herbaceum :  Sensitiveness  of  the  apex  of  the 
Baclicle, — Radicles  were  experimented  on  in  the  same 
manner  as  before,  but  they  proved  ill-fitted  for  our 
l>urpose,  as  they  soon  became  unhealthy  when  sus- 
pended in  damp  air.  Of  38  radicles  thus  suspended, 
at  temperatures  varying  from  66""  to  69^  F.,  with 
squares  of  card  attached  to  their  tips,  9  were  plainly 
and  7  slightly  or  even  doubtfully  dcHected  from  the 
squares  and  from  the  perpondicuhir ;  22  not  being 
affected.  We  thought  that  perhaps  the  above  tempera- 
ture was  not  high  enough,  so  19  radicles  with  attached 
squares,  likewise  suspended  in  damp  air,  wore  subjecte<l 
to  a  temperature  of  from  74''  to  79''  F.,  but  not  one  of 
them  was  acted  on,  and  they  soon  became  unhealthy. 
Lastly,  19  radicles  were  suspended  in  water  at  a  tem- 
perature from  70*^  to  75"^  F.,  with  bits  of  glass  or 
squares  of  the  card  attached  to  their  tips  by  means  of 
Canada-balsam  or  asphalte,  which  adhered  rather  better 
than  shellac  beneath  the  water.  The  radicles  did  not 
keep  healthy  for  long.  The  result  was  that  6  were 
plainly  and  2  doubtfully  deflected  from  the  attached 
objects  and  the  perpendicular;  11  not  being  affected. 
The  evidence  consequently  is  hardly  concrlusive, 
thouo:h  from  the  two  sets  of  cases  tried  un<ler  a 
moderate  temperature,  it  is  probable  that  the  radicles 
are  sensitive  to  contact ;  and  would  be  more  so  under 
favourable  conditions. 

Fifteen  radicles  which  had  germinated  in  friable  peat 
were  suspended  vertically  over  water.  Seven  of  them 
served  as  controls,  and  they  remained  quite  straight 
during  24  h.     The  tips  of  the  other  eight  radicles 
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were  just  touched  with  dry  caustic  on  one  siiU\  Aftei 
onlv  5  h.  10  m.  fire  of  them  wei^  slisrhtlv  curred 
from  the  perpendicular  and  from  the  side  bearing  the 
little  blackish  marks^  After  8  h.  40  m^  4  out  ot 
these  5  were  deflected  at  angles  between  lo'  and  Ikv'' 
from  the  perpendicular.  On  the  other  hand«  one 
which  had  been  slightly  curved  after  5  h.  10  m^  now 
became  straight.  After  24  h.  the  curvature  in  two 
cases  had  considerablv  increased:  also  in  four  other 
cases,  but  these  latter  radicles  had  now  become  s^i 
contorted,  some  being  turned  upwards,  that  it  could  no 
longer  be  ascertained  whether  they  were  still  curveil 
from  the  cauterised  side.  The  control  sjH^oiniens  ex- 
hibited no  such  irregular  growth,  and  the  two  sets 
presented  a  striking  contrast.  Out  of  the  8  radicles 
which  had  been  touched  with  caustic,  two  alone  wore 
not  afiTected,  and  the  marks  left  on  their  ti|>s  by  the 
caustic  were  extremely  minute.  These  marks  in  all 
cases  were  oval  or  elongated ;  they  were  measured  in 
three  instances,  and  found  to  be  of  nearly  the  same 
size,  viz.  §  of  a  mm.  in  length.  Bearing  this  fact  in 
mind,  it  should  be  oWrved  that  the  length  of  the 
curved  part  of  the  radicle,  which  had  become  deflected 
from  the  cauterised  side  in  the  course  of  8  h.  40  m., 
was  found  to  be  in  three  ciises  6,  7,  and  9  mm. 

Cucurhita  (mfera :  Sensitiveness  of  tlie  apex  of  the  lia^ 
dide. — The  tips  proved  ill-fitted  for  the  attachment  of 
cards,  as  they  aro  extremely  fine  and  flexibl(\  More- 
over, owing  to  the  hypocotyls  being  soon  (levelo|HMl 
and  becoming  arched,  the  whole  radicle  is  (juickly 
displaced  and  confusion  is  thus  caused.  A  largo 
number  of  trials  were  made,  but  without  any  definite 
result,  excepting  on  two  occasions,  when  out  of  23 
nulicles  10  were  deflected  from  the  attached  squares 
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of  card,  and  13  were  not  acted  on.  Bather  large 
squares,  though  dijficult  to  affix,  seemed  more  efficient 
than  very  small  ones. 

We  were  much  more  successful  with  caustic ;  but  io 
our  first  trial,  15  radicles  were  too  much  cauterised, 
and  only  two  became  curved  from  the  blackened  side ; 
the  others  being  either  killed  on  one  side,  or  blackened 
equally  all  round.  In  our  next  trial  the  dried  tips 
of  11  radicles  were  touched  momentarily  with  dry 
caustic,  and  after  a  few  minutes  were  immersed  in 
water.  The  elongated  marks  thus  caused  were  never 
black,  only  brown,  and  about  J  mm.  in  length,  or 
even  less.  In  4  h.  3J  m.  after  the  cauterisation,  6  of 
them  were  plainly  curved  from  the  side  with  the 
brown  mark,  4  slightly,  and  1  not  at  all.  The  latter 
proved  imhealthy,  and  never  grew ;  and  the  marks  on 
2  of  the  4  slightly  curved  radicles  were  excessively 
minute,  one  being  distinguishable  only  with  the  aid 
of  a  lens.  Of  10  control  specimens  tried  in  the  same 
jars  at  the  same  time,  not  one  was  in  the  least  curved. 
In  8  h.  40  m.  after  the  cauterisation,  5  of  the  radicles 
out  of  the  10  (the  one  unhealthy  one  being  omitted) 
were  deflected  at  about  90°,  and  3  at  about  45°  from 
the  perpendicular  and  from  the  side  bearing  the 
brown  mark.  After  24  h.  all  10  radicles  had  in- 
creased immensely  in  length  ;  in  5  of  them  the  curva- 
ture was  nearly  the  same,  in  2  it  had  increased,  and 
in  3  it  had  decreased.  The  contrast  presented  by  the 
10  controls,  after  both  the  8  h.  40  m.  and  the  24  h. 
intervals,  was  very  great ;  for  they  had  continued  to 
grow  vertically  downwards,  excepting  two  which,  from 
some  unknown  cause,  had  become  somewhat  tortuous. 

In  the  chapter  on  Geotropism  we  shall  see  that 
10  radiiiles  of  this  plant  were  extended  horizontally  on 
and  beneath  damp  friable  peat,  under  which  conditions 
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they  grow  better  and  more  naturally  than  in  damp 
air;  and  their  tips  wtre  slightly  cauterised  on  the 
lower  side,  brown  marks  about  ^  mm.  in  length 
being  thus  caused.  Uncauterisetl  specimens  similarly 
placed  became  much  bent  downwanls  through  geo- 
tropism  in  the  course  of  5  or  6  hours.  After  8  h. 
only  3  of  the  cauterised  ones  were  bowed  downwards, 
and  this  in  a  slight  degree ;  4  remaine<l  horizontal ; 
and  3  were  curved  upwartls  in  opposition  to  geo- 
tropism  and  from  the  side  bearing  the  brown  mark. 
Ten  other  specimens  had  their  tips  cauterised  at  the 
82imc  time  and  in  the  same  degree,  on  the  upper 
side ;  and  this,  if  it  produced  any  eflect,  would  tend 
to  increase  the  power  of  geotropism ;  and  all  these 
radicles  were  strongly  bowed  downwards  after  8  h. 
From  the  several  foregoing  facts,  there  can  be  no 
doubt  that  the  cauterisation  of  the  tip  of  the  mdicle 
of  this  Cucurbita  on  one  side,  if  done  liglitly  enough, 
causes  the  whole  growing  part  to  bend  to  the  opix)site 
side. 

Raplianus  sativns :  Sensitiveness  of  the  apex  of  the 
Badide. — We  here  encountered  many  difficulties  in 
our  trials,  both  with  squares  of  card  and  with  caustic  ; 
for  when  seeds  were  pinned  to  a  cork-lid,  many  of  the 
radicles,  to  which  nothing  had  been  done,  grew  irre- 
gularly, often  curving  upwards,  as  if  attracted  by  the 
damp  surface  above ;  and  when  they  were  imnierso<l 
in  water  they  likewise  ofttni  gre^w  irregularly.  We 
did  not  therefore  dare  to  trust  our  experiments  witli 
attached  squares  of  card ;  nevertheless  some  of  them 
seemed  to  indicate  that  the  tips  were  sensitive  to 
contact.  Our  trials  with  caustic  generally  failed  from 
the  difficulty  of  not  injuring  too  greatly  the  extremely 
fine  tips.  Out  of  7  radicles  thus  tried,  one  b(;came 
l>owed  after  22  h.  at  an  angle  of  G0°,  a  second  at  40** 
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and  a  third  very  slightly  from  the  perpendicuhir  and 
from  the  cauterised  side. 

Msculas  hippocastanum :  Sensitiveness  of  the  apex  oj 
tlie  Radicle. — Bits  of  glass  and  squares  of  card  were 
affixed  with  shellac  or  gum-water  to  the  tips  of  12 
radicles  of  the  horse-chestnut ;  and  when  these  objects 
fell  off,  they  were  refixed  ;  but  not  in  a  single  instance 
was  any  curvature  thus  caused.  These  massive 
radicles,  one  of  which  was  above  2  inches  in  length 
and  '3  inch  in  diameter  at  its  base,  seemed  insensible 
to  so  slight  a  stimulus  as  any  small  attached  object. 
Nevertheless,  when  the  apex  encountered  an  obstacle 
in  its  downward  course,  the  growing  part  became  so 
uniformly  and  symmetrically  curved,  that  its  appear- 
ance indicated  not  mere  mechanical  bending,  but 
increased  growth  along  the  whole  convex  side,  due  to 
the  irritation  of  the  apex. 

That  this  is  the  correct  view  may  be  inferred  from 
the  effects  of  the  more  powerful  stimulus  of  caustic. 
The  bending  from  the  cauterised  side  occurred  much 
slower  than  in  the  previously  described  species,  and  it 
will  perhaps  be  worth  while  to  give  our  trials  in 
detail. 

The  seeds  germinated  in  sawdust,  and  one  side  of  the  tips  of 
the  radicles  were  slightly  rubbed  once  with  dry  nitrate  of  silver; 
and  after  a  few  minutes  were  allowed  to  dip  into  water.  They 
were  subjected  to  a  rather  varying  temperature,  generally 
between  52^  and  58°  F.  A  few  cases  have  not  been  thought 
worth  recording,  in  which  the  whole  tip  was  blackened,  or  in 
which  the  seedling  soon  became  unhealthy. 

(1.)  The  radicle  was  slightly  deflected  from  the  cauterised 
side  in  one  day  (i.e.  24  h.) ;  in  three  days  it  stood  at  60®  from 
the  perpendicular;  in  four  days  at  90*^ ;  on  the  fifth  day  it  was 
curved  up  about  40'-  above  the  horizon ;  so  that  it  had  passed 
through  an  angle  of  130°  in  the  five  days,  and  this  was  the 
greatest  amount  of  curvature  observed. 

(2.)  In  two  days  radicle  slightly  deflected;  after  seven  days 
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deflected  69°  from  the  perpendiooUr  and  from  the  cauterised 
side ;  after  fight  days  the  angie  amoanti^  to  ntarlr  IK)". 

(3.)  After  one  dav  slight  deflection,  but  the  cauterif^-d  mark 
was  so  faint  that  the  same  side  was  again  touclie^i  with  caustic. 
In  four  davs  from  the  first  touch  dt-flei^tion  amounted  to  7^'^, 
which  in  an  additional  day  increaf^  to  9u'^. 

(4.)  After  two  days  slight  deflection,  which  during  the  next 
three  days  certainly  increased  but  never  liecame  great ;  the 
radicle  did  not  grow  well  and  diet!  on  the  eighth  tlay. 

(5.)  After  two  days  very  slight  deflection ;  but  this  on  the 
foarth  day  amounted  to  56"^  from  the  perpendicular  and  from 
the  cauterised  side. 

(6.)  After  three  days  doubtfully,  but  after  four  days  certainly 
deflected  from  the  cauterised  side.  On  the  tifth  day  deflation 
amounted  to  45^  from  the  perpendicular,  and  this  on  the  seventh 
day  increased  to  about  90°. 

(7.)  After  two  days  slightly  deflected ;  on  the  third  day  the 
deflection  amounted  to  25°  from  the  perpendicular,  and  this 
did  not  afterwards  increase. 

(8.)  After  one  day  deflection  distinct ;  on  the  third  day  it 
amounted  to  44°,  and  on  the  fourth  day  to  72^  from  the  i>erpen- 
dicular  and  the  cauterised  side. 

(9.)  After  two  days  deflection  slight,  yet  distinct;  on  the 
third  day  the  tip  was  again  touched  on  the  same  side  with 
caustic  and  thus  killed. 

(10.)  After  one  day  slight  deflection,  which  after  six  days 
increased  to  60°  from  the  perpendicular  and  the  cauterised  side. 

(11.)  After  one  day  decided  deflection,  which  after  six  days 
increased  to  62°  from  the  perpendicular  and  from  the  cauterised 
side. 

(12.)  After  one  day  slight  deflection,  which  on  the  second  day 
amounted  to  35°,  on  the  fourth  day  to  50°,  and  the  sixth  day 
to  63°  from  the  perpendicular  and  the  cauterised  side. 

(l*^.)  Whole  tip  blackened,  but  more  on  one  side  than  the 
other;  on  the  fourth  day  slightly,  and  on  the  sixth  day  greatly 
deflected  from  the  more  blackened  side ;  the  deflection  on  the 
ninth  day  amounted  to  90°  from  the  perpendicular. 

(14.)  Whole  tip  blackened  in  the  same  manner  as  in  the  last 
case;  on  the  second  day  decided  deflection  from  the  more 
blackened  side,  which  increased  on  the  seventh  day  to  neurlj 
90°;  on  the  following  day  the  radicle  appeared  unhealthy. 

(15.)  Here  we  had  the  anomalous  case  of  a  radicle  bending 
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slightly  t' wards  tlie  cauterised  side  on  the  first  d»iy,  and  con- 
tinuing to  do  so  for  the  next  three  days,  when  the  deflectioD 
amounted  to  about  90°  from  the  perpendicular.  The  cause 
appeared  to  lie  in  the  tendril-like  sensitiveness  of  the  upper  part 
of  the  radicle,  against  which  the  point  of  a  large  triangular  flap 
of  the  seed-coats  pressed  with  considerable  force;  and  this 
irritation  apjwrently  conquered  that  from  the  cauterised  apex. 

These  several  cases  show  beyond  doubt  that  the 
irritation  of  one  side  of  the  apex,  excites  the  upper 
part  of  the  radicle  to  bend  slowly  towards  the  opposite 
side.  This  fact  was  well  exhibited  in  one  lot  of  five 
seeds  pinned  to  the  cork-lid  of  a  jar ;  for  when  after 
6  days  the  lid  was  turned  upside  down  and  viewed 
from  directly  above,  the  little  black  marks  made  by  the 
caustic  were  now  all  distinctly  visible  on  the  upper 
sides  of  the  tips  of  the  laterally  bowed  radicles. 

A  thin  slice  was  shaved  off  with  a  razor  from  one 
side  of  the  tips  of  22  radicles,  in  the  manner  described 
under  the  common  bean  ;  but  this  kind  of  irritation 
did  not  prove  very  effective.  Only  7  out  of  the  22 
radicles  became  moderately  deflected  in  from  3  to  5 
days  from  the  sliced  surface,  and  several  of  the  others 
grew  irregularly.  The  evidence,  therefore,  is  far  from 
conclusive. 

QiLercus  rohur:  Sensitiveness  of  the  apex  of  the  RcuJids. 
— The  tips  of  the  radicles  of  the  common  oak  are  fully 
as  sensitive  to  slight  contact  as  are  those  of  any  plant 
examined  by  us.  They  remained  healthy  in  damp  air 
for  10  days,  but  grew  slowly.  Squares  of  the  card- 
like paper  were  fixed  with  shellac  to  the  tips  of  15 
radicles,  and  ten  of  these  became  conspicuously  bowed 
from  the  perpendicular  and  from  the  squares ;  two 
slightly,  and  three  not  at  all.  But  two  of  the  latter 
were  not  real  exceptions,  as  they  were  at  first  very 
short,  and  haidly  grew  afterwards.     Some  of  the  more 


Chap.  IIL       OF  THE  RADICLE  OF  QUERCUa 


176 


Fig.  6S. 


remarkable  eases  are  worth  describing.  The  radicles 
were  examined  on  each  successive  moroinp,  at  nearly 
the  same  hour,  that  is,  after  intervals  of  24  h. 

No.  1.  This  radicle  suffered  fn>m  a  scrii^  of  Acci4loDts,  ami 
acted  in  an  anomalous  manner,  for  tlie  apex  appeared  at  tinit 
insensible  and  afterwards  sensitive  to  coutact.  The  first  square 
was  attached  on  Oct  19th ;  on  the  21st  the 
radicle  was  not  at  all  curved,  and  the  square 
was  accidentally  knocked  off;  it  was  refixed 
on  the  22nd,  and  the  radicle  became  slightly 
curved  from  the  square,  but  the  curvature 
disappeared  on  the  23rd,  when  the  square 
was  removed  and  refixed.  No  curvature  en- 
sued, and  the  square  was  apiin  accidentally 
knocked  off,  and  refixed.  On  the  morning  of 
the  27th  it  was  washed  off  by  having  reached 
the  water  in  the  bottom  of  the  inr.  The 
square  was  refixed,  and  on  the  29th,  that 
is,  ten  days  after  the  first  square  had  Ixjcn 
attached,  and  two  days  after  the  attachment 
of  the  last  square,  the  radicle  had  grown  to 
the  great  length  of  32  inches,  and  now  q,^^,^^.  „,,icie 
the  terminal  growing  imrt  had  become  l)ent  with  »qunre  of  card 
away  from  the  square  into  a  hook  (nee 
Fig.  68). 

No.  2.  Square  attached  on  the  19th ;  on 
the  20th  radicle  slightly  deflected  from  it 
and  from  the  perpendicular;  on  the  21st 
deflected  at  nearly  right  angles ;  it  remained  during  the  next 
two  days  in  this  position,  but  on  the  25th  the  upward  curva- 
ture was  lessened  through  the  action  of  geotropisni,  and  still 
more  so  on  the  26th. 

No.  3.  Square  attached  on  the  19th ;  on  the  21st  a  trace  of 
curvature  from  the  square,  which  amounted  on  the  22nd  to 
about  40®,  and  on  the  23rd  to  53°  from  the  pcrixxndicnlar. 

No.  4.  Square  attached  on  the  21st;  on  the  22n(l  trace  of 
curvature  from  the  square;  on  the  23rd  completely  hooke<l 
i^ith  the  point  turned  up  to  the  zenith.  Three  d«ys  afterwanls 
(i.e.  26th)  the  curvature  had  wholly  disappeared  and  the  apex 
pointed  perpendicularly  downwards. 

No.  6.  S(iuarc  attached  on   the  21st ;   on  the  22ud  (lecided 
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though  slight  curvature  from  the  square ;  on  tho  23rd  the  tip 
had  curved  up  at)ove  the  ho  izon,  and  on  the  24th  was  hooked 
with  the  apex  pointing  almost  to  the  zenith,  as  in  Fig.  68. 

No.  6.  Square  attaclicd  on  the  21st;  on  the  22nd  slightly 
curved  from  the  square;  23rd  more  curved;  25th  consider- 
ably curved;  27th  all  curvature  lost,  and  the  radicle  was  now 
directed  perpendicularly  downwards. 

No.  7.  Square  attached  ou  the  21st ;  on  the  22nd  a  trace  of 
curvature  from  the  square,  which  increased  next  day,  and  on 
the  2'4th  amounttd  to  a  right  angle. 

It  is,  therefore,  manifest  that  the  apex  of  the  radicle 
of  the  oak  is  highly  sensitive  to  contact,  and  retains 
its  sensitiveness  during  several  days.  The  movement 
thus  induced  was,  however,  slower  than  in  any  of  the 
previous  cases,  with  the  exception  of  that  of  -^sculus. 
As  with  the  bean,  the  terminal  growing  part,  after 
bending,  sometimes  straightened  itself  through  the 
action  of  geotropism,  although  tlie  object  still  remained 
attached  to  the  tip. 

The  same  remarkable  experiment  was  next  tried, 
as  in  the  case  of  the  bean ;  namely,  little  squares  of 
exactly  the  same  size  of  the  card-like  sanded  paper 
and  of  very  thin  paper  (the  thicknesses  of  which  have 
been  given  under  Vicia  faha)  were  attached  with 
shellac  on  opposite  sides  (as  accurately  as  could  be 
done)  of  the  tips  of  13  radicles,  suspended  in  damp 
air,  at  a  temperature  of  65°-6G°  F.  The  result  was 
striking,  for  9  out  of  these  13  radicles  became  plainly, 
and  1  very  slightly,  curved  from  the  thick  paper 
towards  the  side  bearing  the  thin  paper.  In  two  of 
these  cases  the  apex  became  completely  hooked  after 
two  days ;  in  four  crises  the  deflection  from  the  per- 
pendicular and  from  the  side  bearing  the  thick  paper, 
amounted  in  from  two  to  four  days  to  angles  of  90*^, 
72^  60",  and  40^  but  in  two  otlier  cases  to  only  18"* 
and  liV.     It  should,  however,  be  stated  that  in  the 
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case  in  which  the  deflection  was  49^  the  two  squares 
had  accidentally  come  into  contact  on  one  side  of  the 
apex,  and  thns  formed  a  lateral  gable ;  and  the  deflec- 
tion was  directed  in  j>art  from  this  gable  and  in  part 
from  the  thick  paper.  In  three  cases  alone  the  radicles 
were  not  affected  by  the  difference  in  thickness  of  the 
squares  of  paper  attached  to  their  tips,  and  conse- 
quently did  not  bend  away  from  the  side  bearing  the 
stiffer  paper. 

Zea  mays :  Sensitiveness  of  the  apex  of  the  Radicle  to 
contact, — A  large  number  of  trials  were  made  on  this 
plant,  as  it  was  the  only  monocotyledon  on  which  we 
experimented.  An  abstract  of  the  results  will  suffice. 
In  the  first  place,  22  germinating  seeds  were  pinned  to 
oork-lids  without  any  object  being  attached  to  tlieir 
radicles,  some  being  exposed  to  a  temperature  of  05  - 
66'^  F.,  and  others  to  between  74°  and  79"* ;  and  none  of 
them  became  curved,  though  some  were  a  little  inclined 
to  one  side.  A  few  were  selected,  which  from  liaving 
germinated  on  sand  were  crooked,  but  wlien  suspended 
in  damp  air  the  terminal  part  grew  straight  down- 
wards. This  fact  having  been  ascertained,  little  squares 
of  the  card-like  paper  were  affixed  with  shellac,  on 
several  occasions,  to  the  tips  of  68  radicles.  Of  these 
the  terminal  growing  part  of  39  became  within  24  h. 
conspicuously  curved  away  from  the  attached  squares 
and  from  the  perpendicular ;  13  out  of  the  39  forming 
hooks  with  their  points  directed  towards  the  zenith, 
and  8  forming  loops.  Moreover,  7  other  radicles  out 
of  the  68,  were  slightly  and  two  doubtfully  deflected 
from  the  cards.  There  remain  20  which  were  not 
affected ;  but  10  of  these  ought  not  to  be  counted ; 
for  one  was  diseased,  two  had  their  tips  quite  sur 
rounded  by  shellac,  and  the  squares  on  7  had  slipped 
«o  as  to  stand  parallel  to  tlie  apex,  instead  of  obliqiudj 
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on  it.  There  were  therefore  only  10  out  of  the  68 
which  certainly  were  not  acted  on.  Some  of  the 
radicles  which  were  experimented  on  were  yoimg  and 
short,  most  of  them  of  moderate  length,  and  two  or 
three  exceeded  three  inches  in  length.  .  The  curva- 
ture in  the  above  cases  occurred  within  24  h.,  but  it 
wixs  often  conspicuous  within  a  much  shorter  period. 
For  instance,  the  terminal  growing  part  of  one  radiclo 
was  bent  upwards  into  a  rectangle  in  8  h.  15  m.,  and 
of  another  in  9  h.  On  one  occasion  a  hook  wiis 
formed  in  9  h.  Six  of  the  radicles  in  a  jar  containing 
nine  seeds,  which  stood  on  a  sand-bath,  raised  to 
a  temperature  varying  from  7G°  to  82°  F.,  beciime 
hooked,  and  a  seventh  formed  a  complete  loop,  when 
first  looked  at  after  15  hours. 

The  accompanying  figures  of  four  germinating  seeds 
(Fig.  69)  show,  firstly,  a  radicle  (A)  the  apex  of  which 
has  become  so  much  bent  away  from  the  attached 
square  as  to  form  a  hook.  Secondly  (B),  a  hook 
converted  through  the  continued  irritation  of  the 
card,  aided  perhaps  by  geotropism,  into  an  almost 
comidete  circle  or  loop.  The  tip  in  the  act  of  forming 
a  loop  generally  rubs  against  the  upper  part  of  the 
radicle,  and  pushes  off  the  attached  square ;  the  loop 
then  contracts  or  closes,  but  never  disappears ;  and 
the  apex  afterwards  grows  vertically  downwards,  being 
no  longer  irritated  by  any  attached  object.  This 
frequently  occurred,  and  is  ro[)resentod  at  C.  The 
jar  above  mentioned  with  the  six  hooked  radicles  and 
another  jar  were  kept  for  two  additional  days,  for  the 
sake  of  observing  how  the  hooks  would  be  modified. 
Most  of  them  became  ('onverted  into  simple  loops, 
like  that  figured  at  C ;  but  in  one  case  the  apex  did 
not  rub  against  the  upper  part  of  the  radicle  and  thus 
remove  the  card ;  and  it  consequently  made,  owing 
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to  the  continaed  irritation  from  the  canl,  two  complete 
loops,  that  is,  a  helix  of  two  spires;  which  afterwards 
became  pressed  closely  together.  Then  geotropism 
prevailed  and  caused  the  apex  to  grow  jjerpendicularl y 
downwards.     In  another  case,  shown  at  (D),  the  a{vx 
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Zea  may»:  radicles  excited  to  bend  away  from  the  litlle  sqaareti  of  card 

attached  to  one  side  of  their  tips. 

in  making  a  second  turn  or  spire,  passed  through  the 
first  loop,  which  was  at  first  widely  ojx^n,  and  in 
doing  so  knocked  off  the  card ;  it  then  grew  perpen- 
dicularly downwards,  and  thus  tied  itself  into  a  knot, 
which  soon  became  tight ! 

Secondary  Radicles  of  Zea. — A  short  time  after  the 
first  radicle  has  appeared,  others  protrude  from  the 
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seed,  but  not  laterally  from  the  primary  one.  Ten  of 
these  secondary  radicles,  which  were  directed  obliquely 
downwards,  were  experimented  on  with  very  small 
squares  of  card  attached  with  shellac  to  the  lower 
sides  of  their  tips.  If  therefore  the  squares  acted,  the 
radicles  would  bend  upwards  in  opposition  to  gnivity. 
The  jar  stood  (protected  from  light)  on  a  sand-bath, 
\\hich  varied  between  7(5°  and  82''  F.  After  only 
5  h.  one  appeared  to  be  a  little  deflected  from  the 
square,  and  after  20  h.  formed  a  loop.  Four  others 
were  considerably  curved  from  the  squares  a^ter  20  h., 
and  three  of  them  became  hooked,  with  their  tips 
pointing  to  the  zenith, — one  after  29  h.  and  the 
two  others  after  44  h.  By  this  latter  time  a  sixth 
radicle  had  become  bent  at  a  rigl)t  angle  from  the  side 
bearing  the  square.  Thus  altogether  six  out  of  the 
ten  secondary  radicles  were  acted  on,  four  not  being 
affected.  There  can,  therefore,  be  no  doubt  that  the 
tips  of  these  secondary  radicles  are  sensitive  to,  slight 
contact,  and  that  when  thus  excited  they  cause  the 
upper  part  to  bend  from  the  touching  object;  but 
generally,  as  it  appears,  not  in  so  short  a  time  as  in 
the  case  of  the  first-formed  radicle. 

Sensitiveness  of  ihe  tip  of  tue  Eadicle  to 

Moist  Air. 

Sachs  made  the  interesting  discovery,  a  few  years 
ago,  that  the  radicles  of  many  seedling  plants  bend 
towards  an  adjoining  damp  surface.*  We  shall  here 
endeavour  to  show  that  this  peculiar  form  of  sensitive- 
ness resides  in  their  tips.  The  movement  is  directly 
the  reverse  of  that  excited  by  tlie  irritants  hitherto 
considered,   wliich    cause   the    growing   part   of   the 
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radicle  to  bend  away  from  the   source  of  irritatiou. 
In  our  experiments  we  followed  Saebs'  plan,  and  sieves 
with   seeds  germinating  in  damp   sawdust  were  sus- 
pended so  that  the  bottom  was  generally  inclined  at 
40'^  with  the  horizon.     If  tlie  radicles  had  been  acti'd 
on  solely  by  geotropism,  they  would  have  grown  out 
of  the   bottom   of   the   sieve   perpendicularly   down- 
wards; but  as  they  were  attracted  by  the  adjoining 
damp  surface  they  bent  towards  it  and  were  deflected 
50°  from  the  perpendicular.    For  the  sake  of  ascertain- 
ing whether  the  tip  or  the  whole  growing  part  of  the 
radicle  was  sensitive  to  the  moist  air,  a  length  of  from 
I  to  2  mm.  was  coated  in  a  certain  number  of  cases 
with   a  mixture  of  olive-oil   and   lamp-black.      This 
mixture  was  made  in  order  to  give  consistence  to  the 
oil,  so  that   a  thick  layer   could   be  applied,  which 
would  exclude,  at  least  to  a  large  extent,  the  moist  air, 
and  would  be   easily  visible.     A  greater  number  of 
experiments    than    those   which    were   actually   tried 
would  have   been  necessary,  had  not  it  been  clearly 
established  that  the  tip  of  tlie  radicle  is  the  part  whicli 
is  sensitive  to  various  otlier  irritants. 

Pha^eoftiH  muhifloriis.—Twcuiy-mnQ  radicles,  to  which  no- 
thing had  been  done,  growing  out  of  a  sieve,  were  observed 
at  the  same  time  with  those  which  had  tlieir  tips  -greased, 
and  for  an  equal  length  of  time.  Of  tlie  29,  24  curved  them- 
selves 80  as  to  come  into  close  contact  with  the  bottom  of  the 
sieve.  The  place  of  chief  curvature  was  generally  at  a  distance 
of  5  or  6  mm.  from  the  apex.  Eight  radicles  had  their  tips 
greased  for  a  length  of  2  mm.,  and  two  others  for  a  length  of 
li  mm. ;  they  were  kept  at  a  temperature  of  lo'^-lG'^  C.  After 
intervals  of  from  ]9  h.  to  24  h.  all  were  still  vertically  or 
almost  vertically  dependent,  for  some  of  them  had  moved 
towards  the  adjoining  damp  surface  by  about  10°.  They  had 
therefore  not  been  acted  on,  or  only  slightly  acted  on,  by  the 
damper  air  on  one  side,  although  the  whole  upper  part  was 
freely  c-xposed.    After   4m  h.  three  of  the^e  radicles  became 
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considerably  curved  towards  tlie  sieve ;  and  the  absence  of  cnrva- 
ture  in  some  of  the  others  might  perhaps  be  accounted  for  by 
their  not  having  grown  very  well.  But  it  should  be  observed 
that  during  the  first  19  h.  to  24  h.  all  grew  well ;  two  of  them 
having  increased  2  and  3  mm.  in  length  in  II  h. ;  five  others 
increasetl  5  to  8  mm.  in  19  h. ;  and  two,  which  had  been  at  first 
4  and  6  mm.  in  length,  iucreascd  in  24  h.  to  15  and  20  mm. 

The  tips  of  10  radicles,  which  likewise  grew  well,  were  coateci 
with  the  grease  for  a  length  of  only  I  mm.,  and  now  the  result 
wjis  sonit  ^^  hat  diiferent ;  for  of  these  4  curved  thempolves  to 
the  sieve  in  from  21  h.  to  24  h.,  whilst  6  did  not  do  so. 
Five  of  the  latter  were  observed  for  an  additional  day,  and  now 
all  excepting  one  Ixjcame  curved  to  the  sieve. 

The  tips  of  5  radicles  were  cauterised  with  nitrate  of  silver, 
and  about  1  mm.  in  length  was  thus  destroyed.  They  were 
observed  for  periods  varying  between  11  h.  and  24  h.,  and  were 
found  to  have  grown  well.  One  of  them  had  curved  until  it 
came  into  contact  with  the  sieve ;  another  was  curving  towards 
it;  whilst  the  remaining  three  were  still  vertically  dependent. 
Of  7  not  C4iuterised  radicles  observed  at  the  same  time,  all  hml 
come  into  contact  with  the  sieve. 

The  tii)s  of  11  radicles  were  protected  by  moistened  gold- 
l»eaters*  skin,  which  adheres  closely,  for  a  length  varying  from 
li  to  2i  mtn.  After  22  h.  to  24  h,  G  of  these  radicles  were 
clearly  bent  towards  or  had  come  into  contact  with  the  sieve; 
2  were  slightly  curved  in  this  direction,  and  3  not  at  all.  All 
had  grown  well.  Of  14  control  specimens  observed  at  the  same 
time,  all  excepting  one  had  closely  approached  the  sieve.  It 
appciirs  from  these  cases  that  a  cap  of  goldl)eaters'skin  checks, 
though  only  to  a  slight  degree,  the  bending  of  the  radicles  to 
an  adjoining  damp  surface.  Whether  an  extremely  thin  sheet 
of  this  substance  when  moistened  allows  moisture  from  the  air 
to  pass  through  it,  we  do  not  know.  One  case  indicated  that 
the  caps  were  sometimes  more  efficient  than  appears  from  the 
al)ove  results;  for  a  radicle,  which  after  23  h.  had  only 
slightly  approached  the  sieve,  had  its  cap  (li  mm.  in  length) 
removed,  and  during  the  next  15^  h.  it  curved  itself  abruptly 
t)war«ls  the  source  of  moisture,  the  chief  seat  of  curvature 
being  at  a  distance  of  2  to  3  mm.  from  the  apex. 

I'icia  /aha. — The  tii)s  of  13  radicles  were  coated  with  the 
grease  for  a  length  of  2  mm. ;  and  it  should  be  remembered 
that  with  these  radicles  the  seat  of  chief  curvature  is  about 
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4  or  5  mm.  from  the  apex.  Four  of  thorn  were  examined  afW 
22  h.,  three  after  26  h.,  and  six  after  3G  h.,  and  none  had 
lieen  attracted  towards  the  damp  lower  surface  of  the  sieve. 
In  another  trial  7  radicles  were  similarly  treated,  and  5  of  them 
still  pointed  perpendicularly  downwards  after  11  h.,  whilst 
2  were  a  little  curved  towards  the  sieve ;  by  an  accident  they 
were  not  sul>scquently  observed.  In  both  these  trials  the 
radicles  grew  well ;  7  of  them,  which  were  at  first  from  4  to 
11  mnL  in  length,  were  after  11  h.  between  7  and  16  mm. ; 
'6  which  were  at  first  from  6  to  8  mm.  after  26  h.  were  11*5 
to  18  mm.  in  length;  and  histly,  4  radicles  which  were  at  first 
5  to  8  mm.  after  46  h.  wci\3  18  to  23  mm.  in  length.  The 
control  or  ungreased  radicles  were  not  invariably  attracteil 
towards  the  bottom  of  the  sieve.  But  on  one  occasion  12  out  of 
13,  which  were  observed  for  periods  l)etween  22  h.  and  86  h., 
were  thus  attracted.  On  two  other  occasions  taken  together, 
3d  out  of  40  were  similarly  attracted.  On  another  occasion 
only  7  out  of  14  behaved  in  this  manner,  but  after  two  more 
days  the  proportion  of  the  curved  increased  to  17  out  of  23. 
On  a  last  occasion  only  11  out  of  20  were  thus  attracted.  If 
wo  add  up  these  numbers,  wo  find  that  78  out  of  96  of  the 
control  specimens  curved  themselves  towards  the  bottom  of  the 
sieve.  Of  the  specimens  with  greased  tips,  2  alone  out  of  the 
20  (but  7  of  these  were  not  observed  for  a  sufficiently  long 
time)  thus  curved  themselves.  We  can,  therefore,  hardly  doubt 
that  the  tip  for  a  length  of  2  mm.  is  the  part  which  is  sensitive 
to  a  moist  atmosphere,  and  causes  the  upper  part  to  bend 
towards  its  source. 

The  tips  of  15  radicles  were  cauterised  with  nitrate  of  silver, 
and  they  grew  as  well  as  those  above  described  with  greased 
tips.  After  an  interval  of  24  h.,  9  of  them  were  not  at  all 
curved  towards  the  bottom  of  the  sieve ;  2  were  curved  towards 
it  at  angles  of  20°  and  12^  from  their  former  vortical  position, 
and  4  had  come  into  close  contact  with  it.  Thus  the  destruc- 
tion of  the  tip  for  a  length  of  al)out  1  mm.  prevented  the  curva- 
ture of  the  greater  numlwr  of  these  rjuliclcs  to  the  adjoining 
damp  surface.  Of  24  control  specimens,  23  were  Ixjnt  to  tlie 
sieve,  and  on  a  second  occasion  15  out  of  16  were  similarly 
curved  in  a  greater  or  less  degree.  These  control  trials  are 
included  in  those  given  in  the  foregoing  paragrapli. 

Averta  sativa, — The  tips    of    13    radicles,  which    projected 
between  2  and  4  mm.  from  the  bottom  of  the  sieve,  many  of 
9 
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them  not  quite  perpendicularly  downwards,  were  coLted  with 
the  black  grease  for  a  length  of  from  1  to  li  mm.  The  sieves 
were  inclined  at  30°  with  the  horizon.  The  greater  number  of 
these  radicles  wore  examined  after  22  h.,  and  a  few  after  25  h., 
and  within  these  intervals  they  had  grown  so  quickly  as  to  have 
nearly  doubled  their  lengths.  With  the  ungreased  radicles  the 
chief  seat  of  curvature  is  at  a  distance  of  not  less  than  between 
3  5  and  55  mm.,  and  not  moro  than  between  7  and  10  mm.  from 
the  ajoex.  Out  of  the  13  radicles  with  greased  tips,  4  had  not 
moved  at  all  towards  the  sieve ;  6  were  deflected  towards  it  and 
from  the  perpendicular  by  angles  varying  between  10°  and  35® ; 
and  3  had  come  into  close  contact  with  it.  It  appears,  therefore, 
at  first  sight  that  greasing  the  tips  of  these  I'adiclos  had  checked 
but  little  their  bending  to  the  adjoining  damp  surface.  But  the 
inspection  of  the  sieves  on  two  occasions  produced  a  widely 
dififcrent  impression  on  the  mind;  for  it  was  impossible  to 
Ixihold  the  radicles  with  the  black  greased  tips  projecting  from 
the  bottom,  and  all  those  with  ungreased  tips,  at  least  40  to  50 
in  number,  clinging  closely  to  it,  and  feel  any  doubt  that  the 
greasing  had  produced  a  great  effect  On  close  examination 
only  a  single  ungreased  radicle  could  be  found  which  had  not 
become  curved  towards  the  sieve.  It  is  probable  that  if  the 
tips  had  been  protected  by  grease  for  a  length  of  2  mm.  instead 
of  from  1  to  li  mm.,  they  would  not  have  been  aflfectod  by  the 
moist  air  and  none  would  have  become  curved. 

Triticum  vulgnre. — Analogous  trials  were  mjule  on  8  radicles 
of  the  common  wheat ;  and  greasing  their  tips  pnxbiccd  much 
less  eflfcct  than  in  the  case  of  the  oats.  After  22  h.,  5  of  them 
had  come  into  contact  with  the  bottom  of  the  sieve;  2  had 
moved  tow^ards  it  10°  and  15°,  and  one  alone  remained  perpen- 
dicular. Not  one  of  the  very  numerous  ungreased  radicles 
failed  to  come  into  close  contact  with  the  sieve.  These  trials 
were  made  on  Nov.  28th,  when  the  temperature  was  only  4°'8  C. 
at  10  A.M.  We  should  hardly  have  thought  this  case  worth 
notice,  had  it  not  been  for  the  following  circumstance.  In  the 
iKiginning  of  October,  when  the  temperature  was  considerably 
higlicr,  viz.,  12°  to  13°  C,  we  found  that  only  a  few  of  the 
ungreajicd  radicles  Ixjcame  bent  towards  the  sieve;  and  this 
indicates  that  sensitiveness  to  moisture  in  the  air  is  increased 
by  a  low  temperature,  as  we  have  seen  with  the  radicles  of 
Vicia  /aba  relatively  to  objects  attached  to  their  tips.  But  in 
the  present  instance  it  is  possible  that  a  difference  in  the  dryness 
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of  the  lirmiT  bare  cfti:scd  ibe  diiJ^ivEc*  is  :hi  i\-^?Tihs  at  the 
tiro  periods. 

Finally,  the  facts  just  given  n  iih  resjvxn  to  Pkas^ius 
multifiorus^  Vicia  /old,  and  Arena  sniira  show,  as  it 
seems  to  us,  that  a  layer  of  grease  spi\-ad  for  a  length 
of  1^  to  2  mm.  over  the  tip  of  the  radicle,  or  tlie 
destruction  of  the  tip  by  cxiustic,  greatly  lessens  or 
quite  annuls  in  the  upper  and  e\jx>sed  part  the  power 
of  bendin<;  towards  a  neiirhboi^ri'ijj  source  of  nioisturt\ 
We  should  bear  in  mind  that  i^e  jiart  which  bends 
most,  lies  at  some  little  distance  above  the  greased  or 
cauterised  tip ;  and  that  the  rapid  growth  of  this  pj^rt, 
proves  that  it  has  not  been  injureil  by  the  tij^  having 
been  thus  treated.  In  those  Ciises  in  which  the  radick^s 
with  greased  tips  became  curved,  it  is  }X)ssible  that  the 
layer  of  grease  was  not  sufficiently  thick  wholly  to  ex- 
clude moisture,  or  that  a  sufficient  length  w^is  not  thus 
protected,  or,  in  the  case  of  the  caustic,  not  destroyed. 
When  radicles  with  greased  tips  are  left  to  grow  for 
several  days  in  damp  air,  the  grease  is  drawn  out  into 
the  finest  reticulated  threads  and  dots,  witli  narrow 
portions  of  the  surface  left  clean.  Such  }K)rtions 
would,  it  is  probable,  be  able  to  absorb  moisture,  and 
thus  we  can  account  for  several  of  the  radicles  with 
greased  tips  having  become  curved  towards  the  sieve 
after  an  interval  of  one  or  two  days.  On  the  whole, 
we  may  infer  that  sensitiveness  to  a  diilerence  in  tlu» 
amount  of  moisture  in  the  air  on  tlie  two  sides  of  a 
radicle  resides  in  the  tip,  which  transmits  some  inlhi- 
enee  to  the  upper  part,  causing  it  to  bend  towards  the 
source  of  moisture.  Consequently,  the  movement  is 
the  reverse  of  that  caused  by  objects  attached  to  one 
side  of  the  tip,  or  by  a  thin  slice  being  cut  off,  or  by 
being  slightly  cauterised.  In  a  future  chapter  it 
will  be  shown  that  sensitiveness  to  the  attraction  of 
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gravity  likewise  resides  in  the  tip;  so  that  it  is  the 
tip  which  excites  the  adjoining  parts  of  a  horizontally 
extended  radicle  to  bend  towards  the  centre  of  the 
earth. 

Secondary  Eadicles  becoming  vertically  Geo- 
tropic  by  the  destruction  or  injury  of  the 
Terminal  Part  of  the  Primary  Radicle. 

Sachs  has  shown  that  the  lateral  or  secondarv 
radicles  of  the  bean,  and  probably  of  other  plants,  are 
acted  on  by  geotropism  in  so  peculiar  a  manner,  that 
they  grow  out  horizontally  or  a  little  inclined  down- 
wards ;  and  he  has  further  shown*  the  interesting  fact, 
that  if  the  end  of  the  primary  radicle  be  cut  ofiF,  one 
of  the  nearest  secondary  radicles  changes  its  nature 
and  grows  perpendicularly  dowTi wards,  thus  replacing 
the  primary  radicle.  We  repeated  this  experiment, 
and  planted  beans  with  amputated  radicles  in  friable 
peat,  and  saw  the  result  described  by  Sachs ;  but 
generally  two  or  three  of  the  secondary  radicles  grew 
perpendicularly  downwards.  We  also  modified  the 
experiment,  by  pinching  young  radicles  a  little  way 
above  their  tips,  between  the  arms  of  a  U-shaped 
piece  of  thick  leaden  wire.  The  part  pinched  was 
thus  flattened,  and  was  afterwards  prevented  from 
growing  thicker.  Five  radicles  had  their  ends  cut 
off,  and  served  as  controls  or  standards.  Eight  were 
pinched  ;  of  these  2  were  pinched  too  severely  and 
their  ends  died  and  dropped  off;  2  were  not  pinched 
enough  and  were  not  sensibly  affected  ;  the  remaining 
4  were  pinched  sufficiently  to  check  the  growth  of 
the  terminal  part,  but  did  not  appear  otherwise  injured. 
When  the   U-shaped   wires  were  removed,   after  an 


•  *  Arbeitcn  Bot.  Institut.,  WUrzburg/  Heft  iv.  1874,  p.  622. 
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inteiral  of  15  days,  the  part  Iteneath  the  wire  was 
foond  to  be  \ery  thin  and  eAsilv  broken,  whilst  the 
part  above  was  thickened.  Xow  in  these  four  cases* 
one  or  more  of  the  seconilarv  nulicles,  arising  fivim 
the  thickened  part  just  al»c»ve  the  wire,  had  £rn>wn 
perpendieularlj  downwanls.  In  the  best  case  the 
primarv  radicle  (the  part  below  the  wire  being  li  inch 
in  length)  was  somewhat  distorteil,  and  was  not  halt 
as  long  as  three  adjoining  secoudarv  radicles,  which 
had  grown  vertically,  or  almost  vertically,  downwards. 
Some  of  these  secondary  radicles  adhered  together  or 
had  become  confluent.  We  learn  from  these  four  cases 
that  it  is  not  necessarv,  in  order  that  a  secondary 
radicle  should  assume  the  nature  of  a  primary  one, 
that  the  latter  should  be  actually  amputated  ;  it  is 
8u£Bcient  that  the  flow  of  sap  into  it  should  bo 
checked,  and  consequently  should  be  directed  into  the 
adjoining  secondary  radicles;  for  this  seems  to  be 
the  most  obvious  result  of  the  primary  radicle  being 
pinched  between  the  arms  of  a  U-shaped  wire. 

This  change  in  the  nature  of  secondary  radicles  is 
clearly  analogous,  as  Sachs  has  remarked,  to  that 
which  occurs  with  the  shoots  of  trees,  when  the  leading 
one  is  destroyed  and  is  afterwards  replaced  by  one  or 
more  of  the  lateral  shoots  ;  for  these  now  grow  upright 
instead  of  sub-horizontally.  But  in  this  latter  case 
the  lateral  shoots  are  rendered  apogeotropie,  whereas 
with  radicles  the  lateral  ones  are  rendered  geotropie. 
We  are  naturally  led  to  suspect  that  the  same  cause 
acts  with  shoots  as  with  roots,  namely,  an  increased  flow 
of  sap  into  the  lateral  ones.  We  made  some  trials  with 
Abies  communis  and  pecthiaia,  by  pinching  with  wire 
the  leading  and  all  the  lateral  shoots  excepting  one. 
But  we  believe  that  they  were  too  old  when  experi- 
mented on  ;  and  some  were  pinched  too  severely,  and 
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some  not  enough.  Only  one  case  succeeded,  namely 
with  the  spruce-fir.  The  leading  shoot  was  not  killed, 
but  its  growth  was  checked;  at  its  base  there  were 
three  lateral  shoots  in  a  whorl,  two  of  which  were 
pinched,  one  being  thus  killed ;  the  third  was  left 
untouched.  These  lateral  shoots,  when  operated  on 
(July  14th)  stood  at  an  angle  of  8°  above  the  horizon ; 
by  Sept.  8th  the  unpinched  one  had  risen  35°;  by 
Oct.  4th  it  had  risen  40^  and  by  Jan.  26th  48°,  and 
it  had  now  become  a  little  curved  inwards.  Part 
of  this  rise  of  48°  may  be  attributed  to  ordinary 
growth,  for  the  pinched  shoot  rose  12°  within  the  same 
period.  It  thus  follows  that  the  unpinched  shoot 
stood,  on  Jan.  26th,  56°  above  the  horizon,  or  34° 
from  the  vertical;  and  it  was  thus  obviously  almost 
ready  to  replace  the  slowly  growing,  pinched,  lead- 
ing shoot.  Nevertheless,  we  feel  some  doubt  about 
this  experiment,  for  we  have  since  observed  with 
spruce-firs  growing  rather  unhealthily,  that  the  lateral 
shoots  near  the  summit  sometimes  become  highly 
inclined,  whilst  the  leading  shoot  remains  apparently 
sound. 

A  widely  different  agency  not  rarely  causes  shoots 
which  naturally  would  have  grown  out  horizontally  to 
grow  up  vertically.  The  lateml  branches  of  the  Silver 
Fir  (A.  pectinata)  are  often  affected  by  a  fungus, 
^idium  elatinum,  which  causes  the  branch  to  enlarge 
into  an  oval  knob  formed  of  hard  wood,  in  one  of 
which  we  counted  24  rings  of  growth.  According  to 
De  Bary,*  when  the  mycelium  penetrates  a  bud  be- 
gianing  to  elongate,  the  shoot  developed  from  it 
grows  vertically  upwards.     Such  upright  shoots  after- 


•  See  his  valuable  article  in      are  called  in  German  •*  Hexen 
*  Bot  Zeitunp/  18G7,  p.  257,  on      bosen."  or  "  witch-brooma.' 
these  monstious  growths,  whicli 
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wards  produce  lateral  and  horizontul  branches;  and 
they  then  present  a  curious  appearance,  as  if  a  young 
fir-tree  had  gro^vn  out  of  a  ball  of  clay  surrounding 
the  branch.  These  upriglit  shoots  have  manifestly 
changed  their  nature  and  become  apogeotropic ;  for  if 
they  had  not  been  aflected  by  the  -3icidium,  they 
would  have  grown  out  horizontally  like  all  the  other 
twigs  on  the  same  branches.  This  change  can  hardly 
be  due  to  an  increased  flow  of  sap  into  the  part ;  but 
the  presence  of  the  mycelium  will  have  greatly  dis- 
turbed its  natural  constitution. 

According  to  ]\Ir.  Meehan,*  the  stems  of  three 
species  of  Euphorbia  and  of  Portulaca  oleracea  are 
"normally  prostrate  or  procumbent;"  but  when  they 
are  attacked  by  an  ^cidium,  they  "  assume  an  erect 
habit"  Dr.  Stahl  informs  us  that  he  knows  of  several 
analogous  ciises ;  and  these  seem  to  be  closely  related 
to  that  of  the  Abies.  The  rhizomes  of  Sparganium 
ramosum  grow  out  horizontally  in  the  soil  to  a  con- 
siderable length,  or  are  diageotropic ;  but  F,  Elfving 
found  that  when  they  were  cultivated  in  water 
their  tips  turned  upwards,  and  they  became  apogeo- 
tropic. The  Siime  result  followed  when  the  stem  of  the 
plant  was  bent  until  it  cracked  or  was  merely  much 
bo  wed.  t 

No  explanation  has  hitherto  been  attempted  of  such 
cases  as  the  foregoing, — namely,  of  secondary  radicles 
growing  vertically  downwards,  and  of  lateral  shoots 
growing  vertically  upwards,  after  the  amputation  of 


*  « Proc  Acad.  Nat.  Ro.  Thila- 
dclphia,'  June  16tb,  1874,  uud 
July  23n1,  1875. 

t  See  F.  Elfving*8  interest  in  j? 
paper  in  *Arl)eiten  Bot.  Intttitnt., 
in  Wurzburg/  vol.  ii.  1880.  p.  4811. 
Cjirl  Kraus  (TriesilorQ  l»ail  pie- 


vionsly  observc<l  ('  Flora,*  1878, 
p.  324)  that  tlie  uudert^nmnd 
bhoots  of  Triticnm  repens  bend 
vertically  up  when  the  parts  alxive 
p:roun<l  arc  removed,  and  wlieu 
th(j  rlii/.oines  are  kej)t  |mrtly  ini 
nicrs  d  in  water. 
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the  primary  radicle  or  of  the  leading  shoot.  The 
following  considerations  give  us,  as  we  believe,  the 
clue.  Firstly,  any  cause  which  disturbs  the  con- 
stitution *  is  apt  to  induce  reversion.;  such  as  the 
crossing  of  two  distinct  races,  or  a  change  of  con- 
ditions, as  when  domestic  animals  become  feral. 
But  the  case  which  most  concerns  us,  is  the  frequent 
appearance  of  peloric  flowers  on  the  summit  of  a  stem, 
or  in  the  centre  of  the  inflorescence, — parts  which,  it  is 
believed,  receive  the  most  sap ;  for  when  an  irregular 
flower  becomes  perfectly  regular  or  peloric,  this  may 
be  attributed,  at  least  partly,  to  reversion  to  a  primi- 
tive and  normal  type.  Even  the  position  of  a  seed  at 
the  end  of  the  capsule  sometimes  gives  to  the  seedling 
developed  from  it  a  tendency  to  revert.  Secondly, 
reversions  often  occur  by  means  of  buds,  independently 
of  reproduction  by  seed  ;  so  that  a  bud  may  revert  to 
the  character  of  a  former  state  many  bud-generations 
ago.  In  the  case  of  animals,  reversions  may  occur  in 
the  individual  with  advancing  age.  Thirdly  and 
lastly,  radicles  when  they  first  protrude  from  the  seed 
are  always  geotropic,  and  plumules  or  shoots  almost 
always  apogeotropic.  If  then  any  cause,  such  as  an 
increased  flow  of  sap  or  the  presence  of  mycelium, 
disturbs  the  constitution  of  a  lateral  shoot  or  of  a 
secondary  radicle,  it  is  apt  to  revert  to  its  primordial 
state ;  and  it  becomes  either  apogeotropic  or  geotropic, 
as  the  case  may  be,  and  consequently  grows  either 
vertically  upwards  or  downwards.     It  is  indeed  pos- 


♦  The  facts  on  wliich  the  fol- 
lowing concliuiions  are  founded 
nre  given  in  'The  Variation  of 
Animals  and  Plants  under  Domes- 
tication; 2nd  e.lit  1875.  On  tlie 
cautses  leading  to  revorsiin  see 
chap.  xii.  vol.  ii.  nr.d  p.  59,  chap. 


xiv.  On  pi  loric  flowcra,  chap. 
xiii.  p.  :i2 ;  and  see  p.  387  on  thuii 
position  on  the  plant.  With 
respect  to  sei-ds,  p.  340.  On  re- 
version by  means  of  buds,  p.  438 
chap,  xi  vol.  i. 
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sible,  or  even  probable,  that  this  tendency  to  reversion 
may  have  been  increased,  as  it  is  manifestly  of  service 
to  the  plant. 

SUMMAUV   OF   CUAPTEU. 

A  jmrt  or  organ  may  bo  called  sensitive,  when  its 
irritation  excites  movement  in  an  adjoining  part.  Now 
it  has  been  shown  in  this  chapter,  that  the  tip  of  the 
radicle  of  the  bean  is  in  this  sense  sensitive  to  the 
contact  of  any  small  object  attached  to  one  side  by 
shellac  or  gnm- water ;  also  to  a  slight  touch  with  dry 
caustic,  and  tp  a  thin  slice  cut  off  one  side.  The 
radicles  of  the  pea  were  tried  with  attached  objects 
and  caustic,  both  of  which  acted.  With  Pliaseolus 
mvltijlorus  the  tip  was  hardly  sensitive  to  small  squares 
of  attached  card,  but  was  sensitive  to  caustic  and  to 
slicing.  The  radicles  of  Tropaeolum  were  highly  sen- 
sitive to  contact ;  and  so,  as  far  as  we  could  judge, 
were  those  of  Gossypium  herbaceum,  and  they  were 
certainly  sensitive  to  caustic.  The  tips  of  tlie  radicles 
of  Cucurhita  ovifera  were  likewise  highly  sensitive  to 
caustic,  though  only  moderately  so  to  conttict.  Ba- 
phanua  sativus  offered  a  somewhat  doubtful  case. 
With  -3]sculus  the  tips  were  quite  indifferent  to 
bodies  attached  to  them,  though  sensitive  to  caustic. 
Those  of  Quercua  rohur  and  Zea  mays  were  highly  sen- 
sitive to  contact,  as  were  the  radicles  of  the  latter 
to  caustic.  In  several  of  these  cases  the  difference  in 
sensitiveness  of  the  tip  to  contact  and  to  caustic  was, 
as  we  believe,  merely  apparent ;  for  with  Gossypium, 
Baphanus,  and  Cucurhita,  the  tip  was  so  fine  and 
flexible  that  it  was  very  diflScult  to  attach  any  object 
to  one  of  its  sides.  With  the  radicles  of  -^sculus, 
the  tips  were  not  at  all  sensitive  to  small  bodies 
attached  io  them;  but  it  docs  not  follow  from  this 
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fact  that  they  would  not  have  been  sensitive  to  some- 
what greater  continued  pressure,  if  this  could  have 
been  applied. 

The  peculiar  form  of  sensitiveness  wliich  we  are 
here  considering,  is  confined  to  the  tip  of  the  radicle 
for  a  length  of  from  1  mm.  to  1  •  5  mm.  When  this 
part  is  irritated  by  contact  with  any  object,  by  caustic, 
or  by  a  thin  slice  being  cut  off,  the  upper  adjoining 
part  of  the  radicle,  for  a  length  of  from  6  or  7  to 
even  12  mm.,  is  excited  to  bend  away  from  the  side 
which  has  been  irritated.  Some  influence  must  there- 
fore be  transmitted  from  the  tip  along  the  radicle  for 
this  length.  The  curvature  thus  caused  is  generally 
symmetrical.  The  part  which  bends  most  apparently 
coincides  with  that  of  the  most  rapid  growth.  The 
tip  and  the  bixsal  part  grow  very  slowly  and  they 
bend  very  little. 

Considering  the  widely  separated  position  in  the 
vegetable  series  of  the  several  above-named  genera, 
we  may  conclude  that  the  tips  of  the  radicles  of  all,  or 
almost  all,  plants  are  similarly  sensitive,  and  transmit 
an  influence  causing  tlie  upper  part  to  bend.  With 
respect  to  the  tips  of  the  secondary  radicles,  those  of 
Vicia  faha,  Pisum  sativum,  and  Zea  mays  were  alone 
observed,  and  they  were  found  similarly  sensitive. 

In  order  that  these  movements  should  be  properly 
displayed,  it  appears  necessary  that  the  radicles 
should  grow  at  their  normal  rate.  If  subjected  to  a 
high  temperature  and  made  to  grow  rapidly,  the 
tips  seem  either  to  lose  their  sensitiveness,  or  the 
upper  part  to  lose  the  power  of  bending.  So  it 
appears  to  be  if  they  grow  very  slowly  from  not  being 
vigorous,  or  from  being  kept  at  too  low  a  temperature , 
also  when  they  are  forced  to  germinate  in  the  middle 
of  the  winter. 
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The  duratiiie  oi  the  raJiele  someiimes  occuri 
within  from  6  to  8  honis  After  the  tip  has  been  irriuteiU 
and  almost  always  within  24  h.«  excepting:  in  the 
case  of  the  massixe  radicles  of  Jl>i»uliis*  The  curva- 
tnre  often  amounts  to  a  rectan!rU\ — that  iss  the  ter- 
minal  part  bends  upwards  until  the  tip.  which  is  but 
little  curved,  projects  almost  horizontally.  iXva- 
sionally  the  tip,  from  the  continued  irritation  of  the 
attached  object,  continues  to  bend  up  until  it  funns  a 
hook  with  the  point  directed  towanls  the  zenith,  or 
a  loop,  or  eren  a  spire.  After  a  time  the  radicle 
apparently  becomes  accustomed  to  the  irritation,  as 
occurs  in  the  case  of  tendrils,  for  it  again  grows  down- 
wards, although  the  bit  of  card  or  other  objtvt  may 
remain  attached  to  the  tip. 

It  is  evident  that  a  small  object  attached  to  the  free 
point  of  a  vertically  suspended  radicle  can  oflfor  no 
mechanical  resistance  to  its  growth  as  a  whole,  for  the 
object  is  carried  downwards  as  the  radicle  elongates, 
or  upwards  as  the  radicle  curves  upwartls,  Kor  can 
the  growth  of  the  tip  itself  be  mechanically  chccktHl 
by  an  object  attached  to  it  by  guni-watcr,  which 
remains  all  the  time  perfectly  soft.  The  weight  of 
the  object,  though  quite  insignificant,  is  op|X)sed 
to  the  upward  curvature.  We  may  therefore  conclude 
that  it  is  the  irritation  due  to  contact  which  excites 
the  movement.  The  contact,  however,  must  be  pro- 
longed, for  the  tips  of  15  radicles  were  rubbed  for  a 
short  time,  and  this  did  not  cause  them  to  bond.  ]l(Tt^ 
then  we  have  a  case  of  specialised  sensibility,  like 
that  of  the  glands  of  Drosera ;  for  those  are  ex- 
quisitely sensitive  to  the  slightest  pressure  if  prolongtMl, 
but  not  to  two  or  three  rough  touches. 

When  the  tip  of  a  radicle  is  lightly  touched  on  one 
side  with  dry  nitrate  of  silver,  the  injury  caustMl  is 
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very  slight,  and  the  adjoining  upper  part  bends  away 
from  the  cauterised  point,  with  more  certainty  in  most 
cases  than  from  an  object  attached  oa  one  side.  Here 
it  obviously  is  not  the  mere  touch,  but  the  effect 
l^roduced  by  the  caustic,  which  induces  the  tip  to 
transmit  some  influence  to  the  adjoining  part,  causing 
it  to  bend  away.  If  one  side  of  the  tip  is  badly 
injured  or  killed  by  the  caustic,  it  ceases  to  grow, 
whilst  the  opposite  side  continues  growing ;  and  the 
result  is  that  the  tip  itself  bends  towards  the  injured 
side  and  often  becomes  completely  hooked ;  and  it  is 
remarkable  that  in  this  case  the  adjoining  upper  part 
does  not  bend.  The  stimulus  is  too  powerful  or  the 
shock  too  great  for  the  proper  influence  to  be  trans- 
mitted from  the  tip.  We  have  strictly  analogous  cases 
with  Drosera,  Dionaea  and  Pinguicula,  with  which 
plants  a  too  powerful  stimulus  does  not  excite  the 
tentacles  to  become  incurved,  or  the  lobes  to  close,  or 
tlie  margin  to  be  folded  inwards. 

With  respect  to  the  degree  of  sensitiveness  of  the 
apex  to  contact  under  favourable  conditions,  we  have 
seen  that  with  Vicia  faha  a  little  square  of  writing- 
paper  affixed  with  shellac  sufficed  to  cause  move- 
ment; as  did  on  one  occasion  a  square  of  merely 
damped  goldbeaters'  skin,  but  it  acted  very  slowly. 
Short  bits  of  moderately  thick  bristle  (of  which  mea- 
surements have  been  given)  affixed  with  gum-water 
acted  in  only  three  out  of  eleven  trials,  and  beads  of 
dried  shellac  under  2i?yt^  ^^  ^  grain  in  weight  acted 
only  twice  in  nine  cases ;  so  that  here  we  have 
nearly  reached  the  minimum  of  necessary  irrita- 
tion. The  apex,  therefore,  is  much  less  sensitive  to 
pressure  than  the  glands  of  Drosera,  for  these  are 
aflecied  by  far  thinner  objects  than  bits  of  brist^ 
and  by  a  very  much  less  weight  than  jjjjth  of  a  grain. 


Chap.  III.  SUMMARY  OF  CHAPTER.  192 

But  the  most  interesting  evidence  of  the  delicate 
gensLtiveness  of  the  tip  of  the  radicle,  was  afforded  by 
its  power  of  discriminating  between  equal-sized  squares 
of  card-like  and  very  thin  paper,  when  these  were 
attached  on  opposite  sides,  as  was  observed  with  the 
radicles  of  the  bean  and  oak. 

When  radicles  of  the  bean  are  extended  horizon- 
tally with  squares  of  card  attached  to  the  lower  aides  of 
their  tips,  the  irritation  thus  caused  was  always  con- 
quered by  gcotropism,  which  then  acts  under  the  most 
favourable  conditions  at  right  angles  to  the  radicle. 
But  when  objects  were  attached  to  the  radicles  of  and 
of  the  above-named  genera,  suspended  vertically,  the 
irritation  conquered  geotropism,  which  latter  power 
at  first  acted  obliquely  on  the  radicle ;  so  that  the 
immediate  irritation  from  the  attached  object,  aided 
by  its  after-effects,  prevailed  and  caused  the  radicle 
to  bend  upwards,  imtil  sometimes  the  point  was 
directed  to  the  zenith.  We  must,  however,  assume 
that  the  after-effects  of  the  irritation  of  the  tip  by  an 
attached  object  come  into  play,  only  after  movement 
has  been  excited.  The  tips  of  the  nxdicles  of  the  pea 
seem  to  be  more  sensitive  to  contact  than  those  of  the 
bean,  for  when  they  were  extended  horizontally  with 
squares  of  card  adhering  to  their  lower  sides,  a  most 
curious  stniggle  occasionally  arose,  sometimes  one 
and  sometimes  the  other  force  prevailing,  but  ulti- 
mately geotropism  was  always  victorious ;  neverthe- 
less, in  two  instances  the  terminal  part  became  so 
much  curved  upwards  that  loops  were  subsequently 
formed.  With  the  pea,  therefore,  the  irritation  from 
an  attached  object,  and  from  geotropism  when  acting 
at  right  angles  to  the  radicle,  are  nearly  balanced 
forces.  Closely  similar  results  were  observed  with  the 
horizontally  extended   radicles   of  Cuourhita  ovifera, 
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when  their  tips  were  slightly  cauterised  on  the  lowei 
side. 

Finally,  the  several  co-ordinated  movements  by 
which  radicles  are  enabled  to  perform  their  proper 
functions  are  admirably  perfect.  In  whatever  direc- 
tion the  primary  radicle  first  protrudes  from  the  seed, 
gootropism  guides  it  perpendicularly  downwards ;  and 
the  capacity  to  be  acted  on  by  the  attraction  of 
gravity  resides  in  the  tip.  But  Sachs  has  proved* 
that  the  secondary  radicles,  or  those  emitted  by  the 
primary  one,  are  acted  on  by  geotropism  in  such  a 
manner  that  they  tend  to  bend  only  obliquely  down- 
wards. If  they  had  been  acted  on  like  the  primary 
radicle,  all  the  radicles  would  have  penetrated  the 
ground  in  a  close  bundle.  We  have  seen  that  if 
the  end  of  the  primary  radicle  is  cut  off  or  in- 
jured, the  adjoining  secondary  radicles  become  geo- 
tropic  and  grow  vertically  downwards.  This  power 
must  often  be  of  great  service  to  the  plant,  when  the 
primary  radicle  has  been  destroyed  by  the  larvce  of 
insects,  burrowing  animals,  or  any  other  accident.  The 
tertiary  radicles,  or  those  emitted  by  the  secondary 
ones,  are  not  influenced,  at  least  in  the  case  of  the 
bean,  by  geotropism ;  so  they  grow  out  freely  in  all 
directions.  From  this  manner  of  growth  of  the  various 
kinds  of  radicles,  they  are  distributed,  together  with 
their  absorbent  hairs,  throughout  the  surrounding  soil, 
as  Sachs  has  remarked,  in  the  most  advantageous 
manner  ;  for  the  whole  soil  is  thus  closely  searched. 

Geotropism,  as  was  shown  in  the  last  chapter, 
excites  the  primary  radicle  to  bend  downwards  with 
very  little  force,  quite  insuflScient  to  penetrate  the 
ground.     Such  penetration  is  effected  by  the  pointed 


•  *  Arbcitcn  But.  Institut.,  Wiirzbnr-;  Heft  i?.  1874,  pp.  005-681 
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apex  (protected  by  the  root-cap)  being  pressed  down 
by  the  longitudinal  expansion  or  growth  of  the  ter- 
minal rigid  portion,  aided  by  its  transverse  expan- 
gi3n,  both  of  which  forces  act  powerfully.  It  is, 
however,  indispensable  that  the  seeds  should  be  at 
first  held  down  in  some  manner.  When  they  lie 
on  the  bare  surface  they  are  held  down  by  the  attacli- 
ment  of  the  root-hairs  to  any  adjoining  objects ;  and 
this  apparently  is  effected  by  the  conversion  of 
their  outer  surfaces  into  a  cement.  But  many  seeds 
get  covered  up  by  various  accidents,  or  they  fall  into 
crevices  or  holes.  With  some  seeds  their  own  wei^rht 
suffices. 

The  circumnutating  movement  of  the  terminal  grow- 
ing part  both  of  the  primary  and  secondary  radicles 
is  so  feeble  that  it  can  aid  them  very  little  in  pene- 
trating the  ground,  excepting  when  the  superficial 
layer  is  very  soft  and  damp.  But  it  must  aid  them 
materially  when  they  happen  to  break  obliquely  into 
cracks,  or  into  burrows  made  by  earth-worms  or  larva). 
This  movement,  moreover,  combined  with  the  sen- 
sitiveness of  the  tip  to  contact,  can  hardly  fail  to  be 
of  the  highest  importance ;  for  as  the  tip  is  always 
endeavouring  to  bend  to  all  sides  it  will  press  on  all 
sides,  and  will  thus  be  able  to  discriminate  between 
the  harder  and  softer  adjoining  surfaces,  in  the  same 
manner  as  it  discriminated  between  the  attached 
squares  of  card-like  and  thin  paper.  Consequently  it 
will  tend  to  bend  from  the  harder  soil,  and  will  thus 
follow  the  lines  of  least  resistance.  So  it  will  be  if  it 
meets  with  a  stone  or  the  root  of  another  plant  in  the 
soil,  as  must  incessantly  occur.  If  the  tip  were  not 
sensitive,  and  if  it  did  not  excite  the  upper  part  of  the 
loot  to  bend  away,  whenever  it  encountered  at  right 
angles  some  obstacle  in  the  ground,  it  would  be  liable 
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to  be  doubled  up  into  a  contorted  mass.  But  we  have 
seen  with  radicles  growing  down  inclined  plates  of 
glass,  that  as  soon  as  the  tip  merely  touched  a  slip  ol 
wood  cemented  across  the  plate,  the  whole  terminal 
growing  part  curved  away,  so  that  the  tip  soon  stood 
at  right  angles  to  its  former  direction ;  and  thus  it 
would  be  with  an  obstacle  encountered  in  the  ground, 
as  far  as  the  pressure  of  the  surrounding  soil  would 
permit.  We  can  also  understand  why  thick  and  strong 
radicles,  like  those  of  -^sculus,  should  be  endowed 
with  less  sensitiveness  than  more  delicate  ones ;  for 
the  former  would  be  able  by  the  force  of  their  growth 
to  overcome  any  slight  obstacle. 

After  a  radicle,  which  has  been  deflected  by  some 
stone  or  root  from  its  natural  downward  course 
reaches  the  edge  of  the  obstacle,  gcotropism  will  direct 
it  to  grow  again  straight  downward ;  but  we  know  that 
geotropism  acts  with  very  little  force,  and  here  another 
excellent  adaptation,  as  Sachs  has  remarked,*  comes 
into  play.  For  the  upper  part  of  the  radicle,  a  little 
above  the  apex,  is,  as  we  have  seen,  likewise  sensitive ; 
and  this  sensitiveness  causes  the  radicle  to  bend  like  a 
tendril  towards  the  touching  object,  so  that  as  it  rubs 
over  the  edge  of  an  obstacle,  it  will  bend  downwards ; 
and  the  curvature  thus  induced  is  abrupt,  in  which 
respect  it  differs  from  that  caused  by  the  irritation  of 
one  side  of  the  tip.  This  downward  bending  coincides 
with  that  due  to  geotropism,  and  both  will  c^mse  the 
root  to  resume  its  original  course. 

As  radicles  perceive  an  excess  of  moisture  in  the  air 
on  one  side  and  bend  towards  this  side,  we  may  infer 
that  they  will  act  in  the  same  manner  with  respect  to 
moisture  In  tlie  earth.     The  sensitiveness  to  moisture 


•  '  Arbcitcn  Di.t.  Iiisi  AViii-zbiirg/  Hoft  iii.  p.  456. 
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resides  in  the  tip«  which  determines  the  binding  of 
the  npperpart.  This  caipaoiiy  perhaj^s  j^anly  ajLVounts 
for  the  extent  to  which  dnun-pijx^  ouon  becvnne 
choked  with  nx»ts. 

Considering  the  several  facts  given  in  this  chapter, 
we  see  that  the  course  followed  bv  a  rxK>t  throu^rh 
the  soil  is  governed  by  extraoidinarily  complex  and 
diversified  agencies, — by  geotropism  acting  in  a 
different  manner  on  the  primary,  secondary,  and  ter- 
tiary radicles, — by  sensitiveness  to  contact,  dilTerent  in 
kind  in  the  apex  and  in  the  part  immediately  above 
the  apex,  and  apparently  by  sensitiveness  to  the 
varying  dampness  of  different  pirts  of  the  soil. 
These  several  stimuli  to  movement  are  all  more 
powerful  than  geotropism,  when  this  acts  obliquely 
on  a  radicle,  which  has  been  deflected  from  its  jKT|K^n- 
dicular  downward  course.  The  roots,  moreover,  of 
most  plants  are  excited  by  light  to  bend  either  to  or 
from  it ;  but  as  roots  are  not  naturally  exiHised  to  the 
light  it  is  doubtful  whether  this  sensitiveness,  which  is 
perhaps  only  the  indirect  result  of  the  radicles  being 
highly  sensitive  to  other  stimuli,  is  of  any  service  to 
the  plant.  The  direction  which  the  apex  takes  at  each 
successive  period  of  the  growth  of  a  root,  ultimately 
determines  its  whole  course ;  it  is  therefore  highly 
important  that  the  apex  should  pursue  from  the  lirst 
the  most  advantageous  direction  ;  and  wo  can  thus 
understand  why  sensitiveness  to  geotropism,  to  contact 
and  to  moisture,  all  reside  in  the  tip,  and  why  the  tip 
determines  the  upper  growing  part  to  bend  eitlu^r 
from  or  to  the  exciting  cause.  A  radicle  may  bo 
compared  with  a  burrowing  animal  such  as  a  mole, 
which  wishes  to  penetrate  perpendicularly  down  into 
the  ground.  By  continually  moving  his  head  from 
side  to  side,  or  circumnutating,  he  will  feol  any  stone 
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or  other  obstacle,  as  well  as  any  diflerenee  in  the 
hardness  of  the  soil,  and  he  will  turn  from  that  side ; 
if  the  earth  is  damper  on  one  than  on  the  other  side 
he  will  turn  thitherward  as  a  better  hunting-ground. 
Nevertheless,  after  each  intemiption,  guided  by  the 
sense  of  gravity,  he  will  be  able  to  recover  his  down- 
ward course  and  to  burrow  to  a  greater  depth. 
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CHAPTER  IV. 

TEB  ClBCmXVTATlNO  MoVEMtNTS  OF  THE  SEVERAL  PARTS  OF 

Mature  Plants. 

Circnmnntation  of  sU^ms:  oncluding  remarks  on  -Circumniitntion  of 
stolons:  aid  thus  afforded  in  windinti:  ainong»t  the  stiinsof  snr- 
rounding  plants — Circumnutntion  uf  flower-sU  ms — Cireunmutation 
of  Dicotylcdunous  leaves— Sinvulitr  oscilhitory  movement  of  leaves 
of  Dioniea— I..eave8  of  Caniiabis  sink  at  night — Leaves  of  Gynino- 
sperms — Of  MonocotvU<loi»8 — Cryptoganris — Coneluding  remarks 
on  the  circumnutatioD  of  leavos) :  generally  rise  in  the  evening  ami 
&ink  in  the  momin;;. 
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We  have  seen  in  the  first  chapter  that  the  steins  of  all 
seedlings,  whether  hypocotyls  or  epicotyls,  as  well  as 
the  cotyledons  and  the  radicles,  are  continually  cir- 
(Mimnutating — that  is,  they  grow  first  on  one  side  and 
then  on  another,  such  growth  being  probably  preceded 
by  increased  turgescence  of  the  cells.  As  it  was 
unlikely  that  plants  should  change  their  manner  of 
growth  with  advancing  age,  it  seemed  probable  that 
the  various  organs  of  all  plants  at  all  ages,  as  long  as 
they  continued  to  grow,  would  bo  found  to  circum- 
nutate,  though  perhaps  to  an  extremely  small  extent. 
As  it  was  imiwrtant  for  us  to  discover  whether  this 
was  the  case,  we  determined  to  observe  carefully  a 
certain  number  of  plants  which  were  growing  vigor- 
ously, and  which  were  not  known  to  move  in  any 
manner.  We  commenced  with  stems.  Observations 
of  this  kind  are  tedious,  and  it  appeared  to  us  that  it 
would  be  sufficient  to  observe  the  stems  in  about  a 
score  of  genera,  belonging  to  widely  distinct  familieg 
and  inhabitants  of  various  countries.     Several  plants 
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were  selected  which,  from  being  woody,  or  for  other 
reasons,  seemed  the  least  likely  to  circumnutate.  The 
observations  and  the  diagrams  were  made  in  the 
manner  described  in  the  Introduction.  Plants  in  pots 
were  subjected  to  a  proper  temperature,  and  whilst 
being  observed,  were  kept  either  in  darkness  or  were 
feebly  illuminated  from  above.  They  are  arranged 
in  the  order  adopted  by  Hooker  in  Le  Maout  and 
Decaisne's  *  System  of  Botany.'  The  number  of  the 
family  to  which  each  genus  belongs  is  appended,  as 
this  serves  to  sliow  the  place  of  each  in  the  series. 

(1.)  fheri-i  mnhdlata  (Cruciferse,  Fam.  14).— Tho  movement  of 
the  stem  of  a  young  plant,  4  inches  in  height,  consisting  of 
four  iiiternodes  (the  hypocotyl  included)  Inssides  a  large  bud 

Fig  70. 


Ibcris  \im))eUatn:  circumnut.it ion  of  ^teln  of  young  plant,  traced  from 
8.^)0  A.M.  Sept.  13th  to  8Mine  hour  on  following  morning.  Distance  of 
summit  of  stem  beneath  the  horizontal  glass  7*6  inches.  Dias^ram 
retiuoeU  to  halt*  of  original  ^ize.  Movement  as  here  shown  magnifie  I 
between  4  and  5  times. 

on  the  Bumniit,  was  traced,  as  here  shown,  during  24  h. 
(Fig.  70).  As  far  as  wo  could  judge  the  uppermost  inch  alone 
of  the  stem  circumnutated,  and  this  in  a  simple  manner.  The 
movement  was  slow,  and  the  rjitc  very  unequal  at  different 
times.  In  part  of  its  course  an  irregular  ellipse,  or  rather 
triangle,  was  completed  in  6  h.  30  m. 

(2.)  Brussica  (ileracca  (Crucifene). — A  very  young  plant,  beanng 
three  leaves,  of  which  the  longest  was  only  tlirec-quarters  of  an 
inch  in  length,  was  placed  under  a  microscope,  furnished  with 
on  eye-piece  micrometer  and  the  tip  of  the  largest  leaf  was 
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found  to  be  in  constant  movement.  It  crossed  five  divisions  of 
the  micrometer,  tliat  is,  ^-^^th  of  an  inch,  in  6  m.  20  s.  There 
could  hardly  be  a  doubt  that  it  was  the  stem  which  chiefly 
moved,  for  the  tip  did  not  get  quickly  out  of  focus;  and  this 
would  have  occurred  had  the  movement  been  confined  to  the 
leaf,  which  moves  up  or  down  in  nearly  the  same  vertical  plane. 

(3.)  Linuin  tisitatissimum  (Lineae,  Fam.  39  . — The  stems  of  tliis 
plant,  shortly  before  the  flowering  period,  are  stated  by  Fritz 
Miiller  ('Jenaische  Zeitschrift,*  B.  v.  \\  137)  to  revolve,  or 
circumnutate. 

(4.)  Felftri/oniurn  zmitile  (Geraniaccie,  Fam.  47). — A  young 
plant,  7i  inches  in  height,  was  observed  in  the  usual  manner; 
but,  in  order  to  see  the  bead  at  the  end  of  the  glass  filament 

Fig.  71. 


Pdargoniuin  zonale:  circumnutation  of  stem  of  joung  plant,  feebly  illu- 
minated from  above.  Movement  of  lie.id  magnitied  about  11  times; 
traced  on  a  horizontal  glass  from  noon  on  March  9th  to  8  a.m.  oo 
the  1 1th. 

and  at  the  same  time  the  mark  liencath,  it  was  necessary  to  cut 
off  three  leaves  on  one  side.  We  do  not  know  whether  it  was 
owing  to  this  cause,  or  to  the  plant  having  previously  become 
bent  to  one  side  through  heliotropism,  but  from  the  morning  of 
the  7th  of  March  to  10.30  p.m.  on  the  8th,  the  stem  moved 
a  considerable  distance  in  a  zigzag  line  in  the  same  general 
direction.  During  the  night  of  the  8th  it  move  I  to  some 
distance  at  right  angles  to  its  forincr  course,  and  next  morning 
(9th)  stood  for  a  time  almost  still.  At  noon  on  the  9th  a  new 
tracing  was  begun  (see  Fig.  71),  which  was  continued  till  8  a.m. 
on  the  11th.  Between  noon  on  the  9th  and  5  p.m.  on  the  10th 
(i.e.  in  the  course  of  29  h.),  the  stem  described  a  circle.  This 
plant  therefore  circumnutatcs,  but  at  a  very  slow  rate,  and  to  a 
small  extent. 

(5.)  Tropcedum  ma  jus  (?)  (dwarfed  var.  called  Tom  Thumb) ; 
(Geroniacea),  Fam.  47). — The  species  of  this  genus  climb  by  tlie 
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aid  of  their  sensitive  petioles,  but  some  of  them  also  twine 
round  supports;  but  even  these  latter  species  do  not  begin  to 
oircumnutate  in  a  conspicuous  manner  whilst  young.     The 

Fig.  72. 


Tropctolnm  majtuQ):  circumDatation  of  stem  of  yoang  pUnt,  traced  on  a 
horizontal  glass  from  9  a.m.  Dec.  26th  to  10  a.m.  on  27th.  Movement 
of  bcid  magnified  about  5  times,  and  here  reduced  to  half  of  original 
scale. 

variety  here  troato  i  of  has  a  rather  thick  stem,  and  is  so  dwarf 
that  apparently  it  does  not  climb  in  any  manner.  We  there- 
fore wished  to  ascertain  whether  the  stem  of  a  young  plant, 

consisting   of   two    in- 
^*^-^^-  tcmodes,  together   3-2 

inches  in  height,  cir- 
cumnutatcd.  It  was 
observed  during  25  h., 
and  we  see  in  Fig.  72 
that  the  stem  moved  in 
a  zigzag  course,  indicat- 
ing circumnutation. 

(6.)  Trifdium  rtmipi- 
natum  (Lcguminosse, 
Fam.  75).  — When  we 
treat  of  the  Fleep  of 
plants,  we  shall  see  that 
the  stems  in  several 
^    Leguminous  genera,  for 

Trifoliwn  resipmaiwn  :    circumnutation   of     .      .  .,  *  tt    i 

stem,  traced  on  vertical  ifia*;  from  9.30     instance,  those  of  He<ly- 

A.M.  to  4.:i0  P.M.  Nov.  Snl.    Tracinc  not    sarum,    Mimosa,    Meli- 

greatly    magnifiel,    rcluced    to    half    of     lotllS,  &C.,  which  are  not 

fijim"above."*     ^'''''''  ^''^^^  i»""""-»te<i    climbers,    circumnutate 

in  aconspicuousmanner. 
We  will  here  give  only  a  single  instance  (Fig.  73),  showing 
the  circumnutation  of  the  stem  of  a  large  plant  of  a  clover, 
Vi'ifolium  resupinatum.    In  the  course  of  7  h.  the  stem  changed 
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its  oonrae  greatly  eight  times  and  completed  three  irregular 
circles  or  ellipses.  It  therefore  circnmnutated  rapidly.  Some 
of  the  lines  run  at  right  angles  to  one  another. 


Fig.  74. 


B'tlnu  (hjboid)  :  circamnntation  of  stem,  traced  on  horizontal  glass,  from 
4  P.M.  March  14th  to  8.30  A.M.  16th.  Tracing  much  magnified,  re- 
duced to  half  of  original  size.     Plant  illuminated  feebly  from  abore. 

(7.)  Ruhiu  idanis  (hybrid)  (Rosaceas.  Fam.  76). — As  we  hap- 


Fig.  75. 


pened  to  have  a  young  plant,  11  inches 
in  height  and  growing  vigorously, 
which  had  been  raised  from  a  cross 
between  the  raspberry  {Ruhus  idoetis) 
and  a  North  American  Rubus,  it  was 
observed  in  the  usual  manner.  During 
the  morning  of  March  I4th  the  stem 
almost  completed  a  circle,  and  then 
moTed  far  to  the  right  At  4  p.m.  it 
reversed  its  course,  iind  now  a  fresh 
tracing  was  begun,  which  was  con- 
tinued during  40i  h.,  and  is  given  in 
Fig.  74.  We  here  have  well-marked 
circumcutation. 

(8.)  Deutzia  grctcxHs  (Saxifrageto, 
Fam.  77). — A  shoot  on  a  bush  about 
18  inches  in  height  was  observed.  The 
head  changed  its  course  greatly  eleven  n-»#,.-.  ..  ^v 
limes  in  the  course  of  10  h.  80  m. 
(Fig.  75),  and  there  could  be  no 
doubt  about  the  circumnutation  of  the 
stem. 

(9.)  Fiidisia  (greenhouse  vni;,  with 
large  flowers,  prol)ably  a  hybrid)  (Ona- 
gnrieiB,  Fam.  100).— A  young  plant, 
15  inches  in  height,  was  observed  during  nearly  48  h.    The 


m  nu- 
tation of  stem,  kept  in 
darkness,  traced  on  hori- 
zontni  glass,  from  8.30 
A.M.  to  7  P.M.  March  20th. 
Movement  of  bead  origin- 
ally magnified  about  20 
times,  here  reduced  to 
half  scale. 
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accompanying  fignre  (Fig.  76)  gives  tho  necessary  particulaxs, 
and  shows  that  the  stem  circumnutatcd,  though  rather 
slowly. 

Fig.  76. 


Fuch'-ut  (ganloD  var.) :  circiimuutation  of  stt'iii,  kej»t  in  darkness,  traced  SB 
horizontal  glass,  from  8.30  a.m.  to  7  p.m.  March  20th.  Movement  of 
bead  originally  magnified  about  40  times,  here  reduced  to  half  scale. 

(10.)  Cereas  sp^docissimvB  (garden  var.,  sometimes  called 
Phyllocactus  miiltiflorus)  (CactcaB,  Fam.  109).  —  This  plant 
which  was  growing  vigorously  from  having  been  removed  a 
few  days  before  from  the  greenhouse  to  the  hot-house,  was 
observed  with  especial  interest,  as  it  seemed  so  little  probable 
that  the  stem  would  circuranutate.  The  branches  are  flat,  or 
flalielliform;  but  some  of  them  are  triangular  in  section,  with 
the  three  sides  hollowed  out.  A  branch  of  this  latter  shape, 
9  inches  in  length  and  1  i  in  diameter,  was  chosen  for  observa- 
tion, as  less  likely  to  circumnutate  than  a  flabelliform  branch. 
Tho  movement  of  the  bead  at  the  end  of  the  glass  filament, 
aflSxed  to  the  summit  of  the  branch,  was  traced  (A,  Fig.  77) 
from  9.23  a.m.  to  4.30  p.m.  on  Nov.  23rd,  during  which  time  it 
changed  its  course  prcaWy  six  times.  On  the  24fch  another 
tracing  was  made  (see  B),  and  tlie  bead  on  this  day  changed  its 
course  oftencr,  making  in  8  h.  what  may  he  considered  as  four 
ellipses,  with  their  longer  axes  diflferently  directed.  The  position 
of  the  stem  and  its  conmiencing  course  on  the  following 
morning  are  likewise  shown.  There  cau  be  no  doubt  that  thig 
branch,  though  appearing  quite  rigid,  circumnutated ;  but  the 
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ims  apeciocimmut:  cirntmnuUtion  of  »tenu  illuminated  from  «l>oT«k 
tncca  ma  a  horixonUl  glass,  in  A  from  9  a.x.  to  4.30  P.M.  oa  Nor. 
fSrd;  and  in  B  from  8.3>>  ▲.)!.  on  the  24th  to  8  a.m.  on  th«  'J5th. 
Morcmcnt  of  the  bead  in  B  m.ii^nitied  aUmt  oi(  time>. 

(11.)  H'^ifTa  Kiix  (Aralinccce,  Fam.  1U\— The  stom  is  kmmu 
to  be  apheliotropic,  and  f>eTeral  suvdlings  growing  iu  a  (K>t  in 
the  greenhouse  became  bent  in  the  middle  of  tho  sununtT  at 
right  angles  fiom  the  light.  On  Sept.  2nd  some  of  thos(>  stonis 
were  tied  up  so  as  to  stand  vertically,  and  were  plaoiii  U'fi»ri» 
a  north-east  window;  but  to  our  surprise  tht*y  wore  now 
dticidcdly  heliotropic.  for  during  4  da\s  they  curvvxl  thvin- 
selves  towards  the  light,  and  their  c«)urse  K'iug  tnuvd  on  a 
horizontal  glass,  was  strongly  zigzag.  During  tho  G  snoot  til- 
ing days  they  circumnutated  over  the  same  sniall  simoo  at  a 
slow  rate,  but  there  could  be  no  doubt  al>out  their  cireuninuta- 
tion.  The  plants  were  kept  exactly  in  the  same  place  U'foro  tho 
window,  and  after  an  interval  of  15  days  tho  sterna  weru 
again  obeerred  daring  2  days  and  their  moyomeuts  traced,  and 
10 
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they  were  funnd  to  be  still  circumnutating,  but  on  a  yet  emaller 
scale. 

(12.)  Gazania  ringem  (Compositffi,  Fam.  122).— The  circum- 
nutation  of  the  stem  of  a  young  plant,  7  inches  in  height^  as 
measured  to  the  tip  of  the  highest  leaf,  was  traced  during 
83  h.,  and  is  shown  in  the  accompanying  figure  (Fig.  78).    Two 


Fig.  78. 


tf^an.liSl 


er4StuniJS2£^^ 


[/0"«7)utMI'.aff 


Qazaxiia  rin^ewii  circuinnutation  of  stem  traced  from  9  a.m.  March  21tt 
to  f)  P.M.  on  22D(i ;  phint  kept  in  darkness.  Movement  of  bead  at  th« 
close  of  the  observations  magnified  34  times,  here  reduced  to  half  tht 
original  sotle. 

main  lines  may  be  observed  running  at  nearly  right  angles  to 
two  other  main  lines;  but  thc^  are  interrupted  by  small 
loops. 

(13.)  Az'tha  Indica  (Ericintaj,  Fam.  128).— A  bush  21  inches 
in  height  was  selected  for  observation,  and  the  circumnutation 
of  its  leading  shoot  was  traced  during  26  h.  40  m.,  as  shown 
in  the  following  figure  (Fig.  79). 

(14.)  Plnmhayo  C'ipensis  (Plumbaginca;,  Fam.  134). — A  small 
lateral  branch  which  projected  from  a  tall  freely  growing  bush, 
at  an  angle  of  3j°  above  the  horizon,  was  selected  for  obser- 
vation. For  the  first  11  h.  it  moved  to  a  considerable  distance 
in  a  nearly  straight  line  to  one  side,  owing  probably  to  its 
having  l>een  previously  deflected  by  the  light  whilst  standing  in 
the  gi'oenliouse.  At  7.20  p.m.  on  March  7th  a  fresh  tracing  was 
begun  and  continued  for  the  next  43  h.  40  m.  (see  Fig.  80). 
During  the  first  2  h.  it  followed  nearly  the  same  direction  as 
before,  and  then  changed  it  a  little;  during  the  night  it 
moved  at  nearly  right  angles  to  its  previous  course.    Next 
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day  (Sth)  it  TigMtfgwl  grefttlr,  and  on  the  9th  moTcd  irre^* 
Uu^T  nmnd  and  xonnd  a  small  ciiculu'  space.  Br  3  P.M.  on 
the  9th  the  fignie  had  hecome  so  complicated  that  no  mate  dots 
coald  he  made ;  bat  the  shoot  ron*iniud  during  the  eyenini:  ot 
the  9th«  the  vhoie  of  the  10th.  and  tln^  mornii:g  of  the  11th  to 
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AxaUa  If^dha:  circumDiitAtioQ 
of  stem,  illaminated  from 
aboTe,  tmced  cm  horiiontal 
gla^s,  from  9.30  A.M.  March 
9th  to  12.10  P.M.  on  the  luth. 
Eat  on  the  morninK  of  the 
10th  only  four  dot<  were 
nuide  between  8.30  A.M. 
and  12.10  P.M.,  both  hours 
included,  so  that  the  circum- 
nutation  is  not  fairly  repre- 
sented in  this  part  of  the 
diagram.  Movement  of  the 
beaid  here  magnified  about 
80  times. 


Plwn**ftjo  Capmsis :  circnmnn- 
tation  of  tip  of  a  lateral 
branch,  traced  on  horizontal 
glass,  from  7.20  P.M.  on 
March  7th  to  3  P.M.  on  the 
9th.  Movement  of  head 
magnified  13  times.  Plant 
feebly  illuminated  from 
above. 


circmnnntate  over  the  same  sinnll  spnco,  which  was  only  al)o\it 
the  ^th  of  an  inch  ('97  mm.)  in  diameter.  Although  this 
branch  circnmnntated  to  a  very  small  extent,  yet  it  changed  its 
coarse  frequently.  The  movements  ought  to  liavo  l)eon  more 
magnified. 

(15.)  Aloyaia  citnodom  rVerbenaccro,  Fam.  173).— The  follow- 
ing figure  (Fig.  81)  gives  the  movements  of  a  shoot  during 
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31  h.  40  m.^  and  shows  that  it  circtimnutaied.    The  bash  wm 
15  inches  in  height 

Fig.  81. 


Aloysia  ciiriodoru :  circumnutation  of  stera,  traced  from  8  20  A.y.  on  March 
22Dd  tc  4  P.M.  on  23rd.  Plant  kept  in  darkness.  Movement  magaiBed 
about  40  times. 

(16.)  Verbena  meliudres  (?)  (a  scarlet-flowored  herhaceous  var.) 
(VerbenaceaB). — A  shoot  8  inches  in  height  had  been  laid  hori- 
zontally, for  the  sake  of  observing  its  apogeotropism,  and  the 
terminal  portion  had  grown  vertically  upwards  for  a  length  of 
U  inches.    A  glass  filament,  with  a  bead  at  the  end,  was  fixed 


:3mA 


srmf^a^^ 


Verhena  m-lvd  a:  ciicnmnutailon  of  stem  in  darkness,  traced  on  vertical 
glass,  from  5.H0  p.m.  on  June  5th  to  U  a.m.  June  7th.  Movement  of 
bead  magnified  9  times. 

upright  to  the  tip,  and  its  movements  were  traced  during 
41  h.  30  m.  on  a  vertical  glass  (Fig.  82).  Under  these  circum- 
stances the  lateral  movements  were  chiefly  shown ;  but  as  the 
lines  from  side  to  slide  a-e  not  on  the  same  level,  the  shoot 
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must  have  moyed  in  a  plane  at  right  angles  to  that  of  the  lateral 
moYement,  that  is,  it  must  have  circumnutated.  On  the  next  day 
(6th)  the  shoot  moved  in  the  course  of  16  h.  four  times  to  the  right, 
and  four  times  to  the  left;  and  this  apparently  represents  the 
formation  of  four  ellipses,  so  that  each  was  completed  in  4  h. 

(17.)  CercUophyflnin  tfemersnm  (Ceratophyileje,  Fam.  220). — An 
interesting  account  of  the  movements  f»f  the  stem  of  this  water- 
plant  has  been  published  by  M.  E.  Rmlier.*  The  movements  are 
confined  to  the  young  internodes,  becoming  less  and  less  lower 
down  the  stem ;  and  they  are  extraordinary  from  their  amplitude. 
The  stems  sometimes  moved  through  an  angle  of  above  2l0^  in 
G  h.,  and  in  one  instance  through  220^  in  3  h.  They  generally 
bent  from  right  to  left  in  the  morning,  and  in  an  opposite  direc- 
tion in  the  afternoon  ;  but  the  movement  was  sotiietimos  tempo- 
rarily reversed  or  quite  arrested.  It  was  not  affected  by  light. 
It  does  not  appear  that  M.  Bodicr  made  any  diagram  on  a  hori- 
zontal plane  representing  the  actual  course  pursued  by  the 
apex,  but  he  speaks  of  the  "  branches  executing  round  their 
axes  of  growth  a  movement  of  torsion."  From  the  particulars 
above  given,  and  remembering  in  the  case  of  twining  plants  and 
of  tendrils,  how  difficult  it  is  not  to  mistake  their  bending  to  all 
points  of  the  compass  for  true  torsion,  we  are  led  to  believe  that 
the  stems  of  this  Ceratophyllum  circumnutate,  probably  in  the 
shape  of  narrow  ellipses,  each  completed  in  al)out  26  h.  The 
following  statement,  however,  seems  to  indicate  something 
different  from  ordinary  circumnutation,  but  we  cannot  fully 
understand  it.  M.  Rodier  says :  "  11  est  alors  facile  de  voir  que 
le  mouvement  de  flexion  se  produit  d*abord  dans  les  m^rithalles 
superieurs,  qu*il  se  propage  ensuite^  en  s'amoindrissant  du  hiut 
en  has\  tandis  quau  contraire  le  mouvement  de  rfdressement 
conmience  x>Ar  la  partie  inf^rieure  pour  se  terminer  k  la  partie 
sup^rieure  qui,  quclquefois,  pen  de  temps  avant  dc  se  relever 
tout  k  fait,  forme  avec  Taxe  un  angle  tres  aign  " 

(18  )  Conifcros. — Dr.  Maxwell  Masters  states  (*  Journal  Linn. 
Soc.,*  Dec.  2nd,  1879)  that  the  leading  shoots  of  many  Conifcno 
during  the  season  of  their  active  growth  exhibit  very  remark- 
able movements  of  revolving  nutation,  that  is,  they  circumnu- 
tate. We  may  feel  sure  that  the  lateral  shoots  whilst  growing 
would  exhibit  the  same  movement  if  carefully  observed. 


•  'O.^Dptes  Ron^lus,'   Af>ril  SOtli.    1877.      Also  a   second   notiot 
published  aeitaraU'iy  in  DoiimIi  aux,  Nov.  Pith.  1877. 
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(19.)  LUium  auratum  (Fam.  Liliacese). — The  circamnntaiioo 

Fig.  83.      ^ 


^^wg^^aflfba^w^ 


sretnuf^ 


L&iwn  aurotun:  circamnutation  of  a  stem  in  darkness,  traced  on  a  horizontal 
glass,  from  8  A.1L  on  March  14th  to  8.35  A.M.  on  16th.  But  it  should 
be  noted  that  oar  obsenrations  were  interrupted  between  6  P.1L  on  the 
14th  and  12.15  P.M.  on  15th,  and  the  movements  during  this  interval 
of  18  h.  15  m.  are  represented  by  a  long  broken  line.  Diagram  reduced 
to  half  original  scale. 

of  the  stem  of  a  plant  21  inches  in  height  is  represented  in  the 
aboTO  figure  (Fig.  88). 

Fig.  48. 


Cypenu  altemifolius :  circamnutation  of  stem,  ilium  mated  (Vom   aboTS- 
traced  on  horizontal  glass,  from  9.45  A.M.  March  9th  to  9  P.M.  on  10th 
The  stem  grew  so  rapidly  whilst  being  observed,  that  it  was  not  possible 
to  estimate  how  much  its  movements  were  magnified  in  the  tracing. 

(20.)    Cypertu    altemifoliua   (Fam.    Cyx)erace«.)  —  A   glass 
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filament,  with  a  bead  at  the  end,  was  fixed  across  the  samroit 
of  a  young  stem  10  inches  in  height,  close  beneath  the  crown  of 
elongated  leaves.  On  March  8th,  lietween  12.20  and  7.20  p.m., 
the  stem  described  an  ellipse,  open  at  one  end.  On  the  follow- 
ing day  a  new  tracing  was  begun  (Fig.  84),  which  plainly  shows 
that  the  stem  completed  three  irregular  figures  in  the  course  of 
35  h.  15  m. 

Conduding  Remarks  on  tl^e  Circumnuiation  of  Stents. — 
Any  one  who  will  inspect  the  diagrams  now  given,  and 
will  bear  in  mind  the  widely  separated  position  of  the 
plants  described  in  the  series, — remembering  that  we 
have  good  grounds  for  the  belief  that  the  hypocotyls 
and  epicotyls  of  all  seedlings  circumnutate, — not 
forgetting  the  number  of  plants  distributed  in  the 
most  distinct  families  which  climb  by  a  similar  move- 
ment,— will  probably  admit  that  the  growing  stems 
of  all  plants,  if  carefully  observed,  would  be  found 
to  circumnutate  to  a  greater  or  less  extent.  When 
we  treat  of  the  sleep  and  other  movements  of  plants, 
many  other  cases  of  circumnutating  stems  will  be 
incidentally  given.  In  looking  at  the  diagrams,  we 
should  remember  that  the  stems  were  always  growing, 
so  that  in  each  case  the  circumnutating  apex  as  it 
rose  will  have  described  a  spire  of  some  kind.  The 
dots  were  made  on  the  glasses  generally  at  intervals 
of  an  hour,  or  hour  and  a  half,  and  were  then  joined 
by  straight  lines.  If  they  had  been  made  at  intervals 
of  2  or  3  minutes,  the  lines  would  have  been  more 
curvilinear,  as  in  the  case  of  the  tracks  left  on  the 
smoked  glass-plates  by  the  tips  of  the  circumnutating 
radicles  of  seedling  plants.  The  diagrams  generally 
approach  in  form  to  a  succession  of  more  or  less 
irregular  ellipses  or  ovals,  with  their  longer  axes 
directed  to  diflTerent  points  of  the  compass  during  the 
same  day  or  on  succeeding  days.    The  stems  there- 
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fore,  sooner  or  later,  bend  to  all  sides;  but  after  a 
stem  has  bent  in  any  one  direction,  it  commonly 
bends  back  at  first  in  nearly,  though  not  quite,  the 
opposite  direction ;  and  this  gives  the  tendency  to 
the  formation  of  ellipses,  which  are  generally  narrow, 
but  not  so  narrow  as  those  described  by  stolons  and 
leaves.  On  the  other  hand,  the  figures  sometimes 
approach  in  shape  to  circles.  Whatever  the  figure 
may  be,  the  course  pursued  is  often  interrupted  by 
zigzags,  small  triangles,  loops,  or  ellipses.  A  stem 
may  describe  a  single  large  ellipse  one  day,  and 
two  on  the  next.  With  different  plants  the  com- 
plexity, rate,  and  amount  of  movement  differs 
much.  The  stems,  for  instance,  of  Iberis  and  Azalea 
described  only  a  single  large  ellipse  in  24  h. ; 
whereas  those  of  the  Deutzia  made  four  or  five  deep 
zigzags  or  narrow  ellipses  in  11]^  h.,  and  those  of  the 
Trifolium  three  triangular  or  quadrilateral  figures 
in  7  h. 

CinCUMNUTATlON   OF   StOLONS  OR  KUNNERS. 

Stolons  consist  of  much  elongated,  flexible  branches, 
which  run  along  the  surface  of  the  ground  and  form 
roots  at  a  distance  from  the  parent-plant.  They  are 
therefore  of  the  same  homological  nature  as  stems; 
and  the  three  following  cases  may  be  added  to  the 
twenty  previously  given  cases. 

Fraijarifi  (cultivated  garden  var.) :  Ikosaccoe^—A  plant  growing 
in  a  pot  had  emitted  a  long  stolon ;  this  was  supported  by  a 
stick,  so  that  it  projected  for  the  length  of  several  inches  hori- 
zontally. A  gloss  filament  l>earing  two  minute  triangles  of 
paper  was  affixed  to  the  terminal  bud,  which  was  a  little  up- 
turned ;  and  its  movements  were  traced  during  21  h.,  as  shown 
in  Fig.  85.  In  the  course  of  the  first  12  h.  it  moved  twice  up 
and  twice  down  in  somewhat  zigzag  b'nes,  and  no  doubt  tra- 
velled in  tho  same  manner  during  the  night.    On  the  following 
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morning  after  an  interval  of  20  h.  the  apex  stood  a  little  higher 
than  it  did  at  first,  and  this  shows  that  the  stolon  had  not  heao 

Fig.  85. 


T4&aMUSf^ 


Fnuja  ia:  eircumnutation  of  stolon,  kept  in  darkness,  traced  on  vertical 
glass,  from  10.45  a.m.  ^I.iy  ISth  to  7.45  a.m.  on  19th. 

acted  on  within  this  time  by  gcotropism ;  *   nor  had  its  own 
weight  caused  it  to  bend  downwards. 

On  the  following  morning  (19th)  the  glass  filament  was 
detached  and  refixcd  close  behind  the  bud,  as  it  appeared  pos- 
sible that  the  eircumnutation  of  the  terminal  bud  and  of  the 
adjoining  part  of  the  stolon  might  be  diflfcrent.  The  moyement 
was  now  traced  during  two  consecutive  days  (Fig.  86).  During 
the  first  day  the  filament  travelled  in  the  course  of  14h.  30  m. 
five  times  up  and  four  times  down,  besides  some  lateral  move- 
ment. On  the  20th  the  course  was  even  more  complicated,  and 
can  hardly  be  followed  in  the  figure ;  but  the  filament  moved  in 
16  h.  at  least  five  times  up  and  five  times  down,  with  very  little 


•  Dr.  A.  B.  Fmnk  states  (•  Die 
N&tnrliohe  wagi'rechte  Richturi!;: 
von  PflaDzenthrilen.'  1S70,  p.  20) 
that  the  stolons  of  this  plant  urn 


acted  on  by  ^eotropism,  bat  only 
after  a  oonsiilcrabie  interval  of 
time. 
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lateral  deflectioiL    The  first  and  last  dots  made  on  this  second 
day,  viz.,  at  7  a.m.  and  11  vm.,  were  close  together,  showing 
that  the  stolon  had  not  fallen  or  risen.    Nev^theless,  by  com- 
paring   its    position    on 
^»«-  8^'  the  morning  of  the  19th 

and  21st,  it  is  obyious 
that  the  stolon  had  sunk ; 
and  this  may  be  attri- 
buted to  slow  bending 
down  either  from  its  own 
weight  or  from  geotro- 
pism. 

During  a  part  of  the  20th 
an  orthogonal  tracing  was 
made  by  applying  a  cube 
of  wood  to  the  vertical 
glass  and  bringing  the 
apex  of  the  stolon  at  suc- 
cossive  periods  into  a  line 
with  one  edge;  a  dot 
being  made  each  time  on 
the  glass.  This  tracing 
therefore  represented  very 
nearly  the  actual  amount 
of  movement  of  the  apex ; 
and  in  the  course  of  9  h. 
the  distance  of  the  ex- 
treme dots  from  one  an- 
other was  '45  inch.  By 
the  some  method  it  was 
ascertained  that  the  apex 
moved  between  7  a.]c  on 
S'a.m.Sl^  the  20th  and  8  A.M.  on  the 

Fragaria  :  circumnutation  of  th«  same  stolon  21st  a  distance  of  "82  inch, 
a.  in  the  last  figure  obwrred  in  the  same  ^  younger  and  shorter 
manner,  and  traced  from  8  a.m.  Mar  19tn     ,  .  -        ^  .    , 

to  8  A.M.  21st.  stolon  was  supported  so 

that  it  projected  at  about 
45°  above  the  horizon,  and  its  movement  was  traced  by  the 
same  orthogonal  method.  On  the  first  day  the  apex  soon 
rose  above  the  field  of  vision.  By  the  next  morning  it  had 
sunk,  and  the  course  pursued  was  now  traced  during  14  h. 
30  m.  (Fig.  87).    The  amount  of  movement  was  almost  the  same, 
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from  side  to  side  as  up  and  down ;  and  differed  in  this  respect 
remarkaUy  from  the  moTement  in  the  previous  cases.  During 
the  latter  part  of  the  day,  viz.,  between  3  and  10.30  p.m.,  the 


Fig.  87. 


Fiiiga*'i't:  circamnutntion  of  Another   and  younper   stolon,  traced   from 
8  A.M.  to  ICSO  r.il.     Figure  reduced  to  one-half  of  original  sailc 

actual  distance  travelled  l^y  the  apex  amounted  to  1'15  inch ; 
and  in  the  course  of  the  whole  day  to  at  least  2*67  inch.  This 
is  an  amount  of  movement  almost  comparable  with  that  of 
some  climbing  plants.  Tlie  same  stolon  was  observed  on  the 
following  day,  and  now  it  moved  in  a  somewhat  less  complex 
manner,  in  a  plane  not  far  from  vertical.  The  extreme  amount 
of  actual  movement  was  1*55  inch  in  one  direction,  and  *6  inch 
in  another  direction  at  right  angles.  During  neither  of  these 
days  did  the  stolon  bend  downwards  through  gcotropism  or  its 
own  weight 

Four  stolons  still  attached  to  the  plant  were  laid  on  damp 
sand  in  the  back  of  a  room,  with  their  tips  facing  the  north-oast 
windows.  They  were  thus  placed  because  De  Vries  says  *  that 
they  are  apheliotropic  when  exposed  to  the  light  of  tlie  sim ;  but 
we  could  not  perceive  any  effect  from  the  above  feeble  degree  of 
illumination.  We  may  add  that  on  another  occasion,  late  in  the 
•ommer,  some  stolons,  placed  upright  before  a  south-west  window 


*  '  Arbciteo  Bot.  lost..  Wiirzburg;  18T2,  p.  491. 
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on  a  cloudy  day,  became  distinctly  curyod  towards  the  light,  and 
were  therefore  heliotropic.  Close  in  front  of  the  tips  of  the 
prostrate  stolons,  a  crowd  of  very  thin  sticks  and  the  dried 
haulms  of  grasses  were  driven  into  tlie  sand,  to  represent  the 
crowded  stems  of  surrounding  plants  in  a  state  of  nature.  This 
was  done  for  the  sake  of  observing  how  the  growing  stolons 
would  pass  through  them.  They  did  so  easily  in  the  course  of 
6  days,  and  their  circumnutation  apparently  facilitated  their 
passage.  When  the  tips  encountered  sticks  so  close  together 
that  they  could  not  pass  between  them,  they  rose  up  and  passed 
over  them.  The  sticks  and  haulms  were  removed  after  the 
passage  of  the  four  stolons,  two  of  which  were  found  to  havtj 
assumed  a  permanently  sinuous  shape,  and  two  were  stiH 
straight.    But  to  this  subject  we  shall  recur  under  Saxifraga. 

Sctxifioga  sarmentosa  (Saxifragese). — A  plant  in  a  suspended 
pot  had  emitted  long  branched  stolons,  which  depended  like 

Fig.  88. 


Saxifrofja  sarmentosa:  circumnutatioD  of  an  inclined  stolon,  traced   in 
darkness  on  a  horizontal  glass,  from  7.45  A.M.  April  18th  to  9  A.M.  on 
9th.     Movement  of  end  of  stolon  magnified  2-2  times. 

threads  on  all  sides.  Two  were  tied  up  so  as  to  stand  vertically, 
and  their  upper  ends  became  gradually  bent  downwards,  but  so 
slowly  in  the  course  of  several  days,  that  the  bending  was  pro- 
bably due  to  their  weight  and  not  to  geotropism.  A  glass  fila- 
ment with  little  triangles  of  paper  wsis  fixed  to  the  end  of  one  of 
these  stolons,  which  was  17J  inches  in  lenp^h,  and  had  already 
become  much  bent  down,  but  still  projected  at  a  considerable 
angle  above  the  horizon.  It  moved  only  slightly  three  times 
from  side  to  side  and  then  upwards;  on  the  following  day 
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tlie  moTFinent  vvs  cTen  les&  As  this  stolon  was  so  long  we 
thought  thAt  its  growth  was  nearly  completed.  »)  we  trieil 
another  which  was  thicker  and  shorter,  tiz.,  10 [  inches  in  length. 
It  moTed  greatly,  chiefly  upwaids,  and  changed  its  course  tiTe 
times  in  the  coarse  of  the  day.  During  the  night  it  curved  sc 
much  upwards  in  opposition  to  giavity,  that  the  niovemont 
could  no  longer  be  traced  on  the  vertical  glass,  and  a  horizoittal 
one  had  to  be  used.  The  movement  was  followtni  during  tbo 
next  25  h.,  as  shown  in  Fig.  88.  Three  irregular  ellij^sos.  with 
their  longer  axes  somewhat  diflerently  directeil,  were  almost 
completed  in  the  first  15  h.  The  extreme  actual  amount  of 
movement  of  the  tip  during  the  *i5  h.  was  '75  inclu 

Several  stolons  were  laid  on  a  flat  surface  of  damp  sand,  in  the 
same  manner  as  with  those  of  the  strawberry.  The  friction  of 
the  sand  did  not  interfere  with  their  cireumnutation ;  nor  could 
we  detect  any  evidence  of  their  being  sensitive  to  contact.  In 
order  to  see  how  in  a  state  of  nature  they  would  act,  when 
encountering  a  stone  or  other  ol)6tacle  on  the  ground,  short 
pieces  of  smoked  glass,  an  inch  in  height,  were  stuck  upright 
into  the  sand  in  front  of  two  thin  lateral  brandies.  Their  ti)« 
scratched  the  smoked  surface  in  various  directions ;  one  made 
three  upward  and  two  downward  lines,  besides  a  nearly  hori- 
zontal one;  the  other  curled  quite  away  from  the  glass;  but 
ultimately  both  surmoimted  the  glass  aud  pursued  tlieir  original 
course.  The  apex  of  a  third  thick  stolon  swept  up  the  glass  in  a 
curved  line,  recoiled  and  again  came  into  contact  with  it ;  it  then 
moved  to  the  right,  and  after  ascending,  descended  vertically ; 
ultimately  it  passed  round  one  end  of  the  glass  instead  of  over  it. 

Many  long  pins  were  next  driven  rather  close  together  into 
the  sand,  so  as  to  form  a  crowd  in  front  of  the  same  two  thin 
lateral  branches;  but  these  easily  wound  their  way  through 
the  crowd.  A  thick  stolon  was  much  delayed  in  its  passage ; 
at  one  place  it  was  forced  to  turn  at  right  angles  to  its  former 
course;  at  another  place  it  could  not  pass  through  the  pins, 
and  the  hinder  part  became  bowed;  it  then  curved  upwards 
and  passed  through  an  opening  between  the  upper  part  of  some 
pins  which  happened  io  diverge ;  it  then  descended  and  finally 
emerged  through  the  crowd.  This  stolon  was  rendered  perma- 
nently sinuous  to  a  slight  degree,  and  was  thicker  where  sinuous 
than  elsewhere,  apparently  from  its  longitudinal  growth  having 
been  checked. 

Cotyledon  umbilicus  (Crassulaceae).— A  plant  growing  in  a  pan 
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of  damp  moss  bod  emitted  2  etolons,  22  and  20  inciiw  in  length 
One  of  these  was  eupported,  bo  that  a  length  of  41  inches  pio< 
iected  in  a  straight  and  horizontal  line,  and  the  movement 
of  the  apex  was  traced.    The  first  dot  was  made  at  9.10  ajl 

Fi|.  89. 


Cotyledon  vnUnliau:  circumnatitioii  of  (toloD.  tneed  from  11.15  *.■ 
Aui;.  S5lh  ta  11  A.k.  27th.  Flint  illDmiimtcd  from  than.  Tha 
terminal  inlcruoiLe  vis  -25  inch  in  length,  tbe  pcnnltimat*  3-S5,aDil 
th<  third  3  0  incha  in  Unjctb.  Ap«  of  italon  itood  aCidiabuinof 
5-75  inchw  from  the  Tertical  glua  ;  but  jtwu  not  po«ulU  to  MWrtaia 
bow  much  the  Iracinf;  was  maKDified,  ai  it  wa*  not  knovD  hew  great 
a  length  of  the  interoode  eircnmontaled. 

the  tenuinal  portion  Eoon  began  to  bend  downwards  and  cot^ 
tinned  to  do  bo  until  noon.  Therefore  a  straight  line,  rer; 
nearly  as  long:  aR  the  whole  figure  here  given  (Fig.  69),  was  flrat 
traced  on  the  glass ;  but  the  upper  port  of  this  line  has  not  been 
copied  in  the  diagram.    The  curvature  occurred  in  the  middle 
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of  the  penultimate  intemode ;  and  its  chief  seat  was  at  the 
distance  of  H  inch  from  the  apex;  it  appeared  due  to  the 
weight  of  the  terminal  portion,  acting  on  the  more  flexible 
port  of  the  intemode,  and  not  to  geotropism.  The  apex  after 
thus  sinking  down  from  9.10  a.m.  to  noon,  moved  a  little  to  the 
left;  it  then  rose  up  and  circumnutated  in  a  nearly  vertical 
pUne  until  10.85  pjf .    On  the  following  day  (26th}  it  was  oU 

Fig.  90. 


M'^i^^MH. 
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OatffUdkm  mmbdicus :  circumnntation  and  downward  moTament  of  another 
ftolon,  traced  on  vertical  glass,  from  9.11  a.m.  Aag.  25th  to  11  A.M.  27th. 
Apex  close  to  glass,  so  that  figure  bat  little  magnified,  and  here  reduced 
to  two-thirds  of  oxdginal  size. 

served  from  6.40  a.m.  to  5.20  pjii.,  and  within  this  time  it  moved 
twice  up  and  twice  down.  On  the  morning  of  the  27th  the  apex 
stood  as  high  as  it  did  at  11.30  a.h.  on  the  25th.  Nor  did  it 
sink  down  during  the  28th,  but  continued  to  circumnutate  about 
the  same  place. 
Anoiher  stolon,  which  resembled  the  last  in  almost  every 
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respect,  was  ol)served  daring  the  same  two  days,  but  only  two 
inclies  of  the  terminal  portion  was  allowed  to  project  freely  and 
horizontally.  On  the  25th  it  continued  from  9.10  a.m.  to  1.30  p.m. 
to  bend  straight  downwards,  apparently  owing  to  its  weight 
(Fig.  90);  but  after  this  hour  until  10.35  p.m.  it  zigzagged. 
This  fact  deserves  notice,  for  we  here  probably  see  the  combin(.*d 
effects  of  the  bending  down  from  weight  and  of  circumnutation. 
The  stolon,  however,  did  not  circumnutate  when  it  first  began 
to  bend  down,  as  may  be  observed  in  the  present  diagram,  and 
as  was  still  more  evident  in  the  last  case,  when  a  longer  portion 
of  the  stolon  was  left  unsupported.  On  the  following  day 
(26th)  the  stolon  moved  twice  up  and  twice  down,  but  still  con- 
tinued to  fall ;  in  the  evening  and  during  the  night  it  travelled 
from  some  unknown  cause  in  an  oblique  direction. 

We  see  from  these  three  cases  that  stolons  or 
runners  circumnutate  in  a  very  complex  manner.  The 
lines  generally  extend  in  a  vertical  plane,  and  this 
may  probably  be  attributed  to  the  efTect  of  the  weight 
of  the  unsupported  end  of  the  stolon ;  but  there  is 
always  some,  and  occasionally  a  considerable,  amount 
of  lateral  movement.  The  circumnutation  is  so  great 
in  amplitude  that  it  may  almost  be  compared  with 
that  of  climbing  plants.  That  the  stolons  are  thus 
aided  in  passing  over  obstacles  and  in  winding  between 
the  stems  of  the  surrounding  plants,  the  observations 
above  given  render  almost  certain.  If  they  had  not 
circumnutated,  their  tips  would  have  been  liable  to 
have  been  doubled  up,  as  often  as  they  met  with 
obstacles  in  their  path  ;  but  as  it  is,  they  easily  avoid 
thejn.  This  must  be  a  considerable  advantage  to  the 
plant  in  spreading  from  its  parent-stock ;  but  we  are 
far  from  supposing  that  the  power  has  been  gained 
by  the  stolons  for  this  purpose,  for  circumnutation 
seems  to  be  of  universal  occurrence  with  all  growing 
parts;  but  it  is  not  improbable  that  the  amplitude 
of  the  movement  may  have  been  specially  increased 
for  this  purpose. 
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CiRCUMXUTATlON   OF    FlOWER-STEMS. 

We  did  not  think  it  necessary  to  make  any  special 
observations  on  the  circumnutation  of  flower-stems, 
these  being  axial  in  their  nature,  like  stems  or  stolons ; 
but  some  were  incidentally  made  whilst  attending 
to  other  subjects,  and  these  we  will  here  b*ielly  give. 
A  few  observations  have  also  been  made  by  other 
botanists.  These  taken  together  suffice  to  render  it 
probable  that  all  peduncles  and  sub-ped'incles  cir- 
cumnutate  whilst  growing. 

Oxalis  camosa.— The  peduncle  which  springs  doia  the  thick 
and  woody  stem  of  thiA  plant  bears  three  or  four  £Ut>-peduncles. 

Fig.  91. 


Oxa/is  camosa :  flower-stem,  feeblv  ilhiminnted  from  nbore.  its  circumnuta 
tion  traced  from  9  a.m.  April  13th  to  i)  a.m.  15th.     Summit  of  Howei 
8  inches  beneath  the  horizontal   glnss.      J^lovcment  probably  mngnilied 
about  6  times. 

A  filament  with  little  triangles  of  paper  was  fixed  within  the 
calyx  of  a  flower  which  stood  upright.  Its  movements  were 
observed  for  48  h. ;  during  the  first  hnlf  of  this  time  the  flower 
was  fully  expanded,  and  during  the  second  half  withered.  The 
figure  here  given  (Fig.  91)  represents  8  or  9  ellipses.  Although 
the  main  peduncle  circumnutated,  and  dcscril^ed  one  largo  and 
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two  smaller  ellipses  in  the  course  of  21  h.,  yet  the  chief  seat  oi 
moyemcnt  lies  in  the  sub-peduncles,  which  ultimately  bend 
yertically  downwards,  as  will  be  described  in  a  future  chapter. 
The  peduncles  of  Oxalis  acetoselluL  likewise  bend  downwards,  and 
afterwards,  when  the  pods  are  nearly  mature, upwards;  and  this 
is  effected  by  a  circumnutating  movement. 

It  may  be  seen  in  the  above  figure  that  the  flower-stem  of 
O.  carnosa  circumnutated  during  two  days  about  the  same  spot. 
On  the  other  hand,  the  flower-stem  of  O.  semitiva  undergoes  a 
strongly  marked,  daily,  penodical  change  of  position,  when  kept 
at  a  proper  temperature.  In  the  middle  of  the  day  it  stands 
vertically  up,  or  at  a  high  angle ;  in  the  afternoon  it  sinks,  and 
in  the  evening  projects  horizontally,  or  almost  horizontally, 
rising  again  during  the  night.  This  movement  continues  from 
the  period  when  the  flowers  are  in  bud  to  when,  as  we  believe, 
the  pods  are  mature :  and  it  ought  perhaps  to  have  been  included 
amongst  the  so-called  sleep-movements  of  plants.  A  tracing 
was  nut  made,  but  the  angles  were  measured  at  successive  i>eriod8 
during  one  whole  day;  and  these  showed  that  the  moveuiebt 
was  not  continuous,  but  that  the  peduncle  oscillated  up  and 
down.  Wo  may  therefore  conclude  that  it  circumnutated.  At 
the  base  of  the  peduncle  there  is  a  mass  of  small  cells,  forming 
a  well- developed  pulvinus,  which  is  exteriorly  coloured  purple 
and  hairy.  In  no  other  genus,  as  far  as  we  kno  w,  is  the  peduncle 
furnished  with  a  pulvinus.  The  peduncle  of  O,  Ortegesii  behaved 
differently  from  that  of  0.  sensitivay  for  it  stood  at  a  less  angle 
above  the  horizon  in  the  middle  of  the  day,  than  in  the  morning 
or  evening.  By  10.20  p.m.  it  had  risen  greatly.  Daring  the 
middle  of  the  day  it  oscillated  much  up  and  down. 

TrifoUum  subterrantum. — A  filament  was  fixed  vertically  to 
the  uppermost  part  of  the~  peduncle  of  a  young  and  upright 
flower-head  (the  stem  of  the  plant  having  been  secured  to  a 
stick);  and  its  movements  were  traced  during  36  h.  Within 
this  time  it  described  (see  Fig.  92)  a  figure  which  represents  four 
ellipses;  but  during  the  latter  part  of  the  time  the  peduncle 
began  to  bend  downwards,  and  after  10.30  p.m.  on  the  24th  it 
curved  so  rapidly  down,  that  by  6  45  a.m.  on  the  25th  it  stood 
only  19°  above  the  horizon.  It  went  on  circumnutating  in  nearly 
the  same  position  for  two  dajs.  Even  after  the  flower-heads 
have  buried  themselves  in  the  ground  thdy  continue,  as  will 
hereafter  be  shown,  to  circumnutate.  It  will  also  be  seen  in  the 
next  chapter  that  the  sub-peduncles  of  the  separate  flowers  of 
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Tri/olium  repens  circumnutate  in  a  complicated  coarse  during 
MTezal  days.    I  may  add  that  the  gynophore  of  AradiU  hypogita^ 


Fig.  M. 
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Tri/olium  aubterranfum :   main  flower-pedunde,  illuminated  from  abort, 
'  circumnutation  traced  on  horizontal  glass,  from  8.40  a.m.  July  23rd 
to  10.30  P.M.  24th. 

which  looks  exactly  like  a  peduncle,  circumnutates  whilst  growing 
vertically  downwards,  in  order  to  bury  the  young  pod  in  the 
ground. 

The  movements  of  the  flowers  of  Cyclamen  Prrsicum  were  not 
observed;  but  the  peduncle,  whilst  the  pod  is  forming,  increases 
much  in  length,  and  bows  itself  down  by  a  circumnutating 
movement.  A  young  peduncle  of  Maurandia  semjya-Jforejis, 
H  inch  in  length,  was  carefully  observed  during  a  whole  day, 
and  it  made  4i  narrow,  vertical,  irregular  and  short  ellipses, 
each  at  an  average  rate  of  about  2  h.  t^  m.  An  adjoining 
peduncle  described  during  the  same  time  similar,  though  fewer, 
ellipses.*   According  to  Sachs  t  the  flower-stems,  whilst  growing, 


•  *The  MoTeroents  and  Hubits 
of  CHmbing  Plauta,'  2nd  ^dit., 


1875  p.  68. 
t  *  Text-Book  of  Botany,'  lS7Sk 


226  CIRCUMNUTATION  OF  LEAVES,        Chap.  IV. 

of  many  plants,  for  iiistance,  those  of  BroMica  naptts,  revolve  or 
oircuiDDutate ;  those  of  Allium  porrum  bend  from  side  to  side, 
and,  if  this  movement  had  been  traced  on  a  horizontal  glass, 
no  doubt  ellipses  would  have  been  formed.  Fritz  Milller  has 
described  *  the  spontaneous  revolving  movements  of  the  flower- 
stems  of  an  Alisma,  which  he  compares  with  those  of  a  climbing 
plant. 

We  made  no  observations  on  the  movements  of  the  diflForent 
parts  of  flowers.  Morren,  however,  has  observed  t  in  the 
stamens  of  Sparmannia  and  Cereus  a  "  fren  dsseinent  spontane,** 
which,  it  may  be  suspected,  is  a  circumnutating  movement 
The  circumntitation  of  the  gynosteminin  of  Stylidium,  as  de- 
scribed by  Gad,]:  is  highly  remarkable,  and  apparently  aids  in 
the  fertilisation  of  the  flowers.  The  gynostemium,  whilst  spon- 
taneously moving,  comes  into  contact  with  the  viscid  labellum, 
to  which  it  adheres,  until  freed  by  the  increasing  tension  of  the 
parts  or  by  being  touched. 

We  have  now  seen  that  the  flower-stems  of  plants 
belonging  to  such  widely  difTerent  families  as  the 
Oniciferae,  Oxalidae,  LegiiminosaB,  Primulacere,  Scro- 
phularineae,  Alismaceoe,  and  Liliaceae,  circumnutate ; 
and  that  there  are  indications  of  this  movement  in 
many  other  families.  With  these  facts  before  ns, 
bearing  also  in  mind  that  the  tendrils  of  not  a  few 
plants  consist  of  modified  peduncles,  we  may  admit 
without  much  doubt  that  all  growing  flower-stems 
circumnutate. 

ClROfJMNUTATIOX   OF   LEAVES  :    DICOTYLEDONS. 

Several  distinguished  botanists,  Hofmeister,  Sachs, 
Pfefier,  De  Vrics,  Batalin,  Millardet,  &c.,  have  ol)- 


p.  766.     Linnnens  nnd  Trevir.inus  plic8  riicumniitation. 
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positions  by  night  and  day.  and  J  *Sitzun«;l)erichr.  des  bot.  Ve- 
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served,  aud  some  of  them  with  the  greatest  care,  the 
perio<lical  movements  of  leaves ;  bat  their  attention 
has  boon  chiefly,  though  not  exclusively,  directed  to 
those  which  move  largely  and  are  commonly  said  to 
sleep  at  night.  From  considerations  hereafter  to  be 
given,  plants  of  this  nature  are  here  excluded,  and 
will  be  treated  of  separately.  As  we  wished  to  ascer- 
tain whether  all  young  and  growing  leaves  circumnu- 
tated,  we  thought  that  it  would  be  sufficient  if  we 
observed  between  30  and  40  genera,  widely  distributed 
throughout  the  vegetable  series,  selecting  some  un- 
usual forms  and  others  on  woody  plants.  All  th(3 
plants  were  healthy  and  grew  in  pots.  They  were 
illuminated  from  above,  but  the  light  perhaps  was  not 
always  sufficiently  bright,  as  many  of  them  were  ob- 
served under  a  skylight  of  ground-glass.  Except  in  a 
few  specified  cases,  a  fine  glass  filament  with  two  minute 
triangles  of  paper  was  fixed  to  the  leaves,  and  their 
movements  were  traced  on  a 
vertical  glass  (when  not  stated 
to  the  contrary)  in  the  manner 
already  described.  I  may  repeat 
that  the  broken  lines  represent 
the  nocturnal  course.  The  stem 
was  always  secured  to  a  stick, 
close  to  the  base  of  the  leaf 
under    observation.     The 


Fig.  93. 


ar- 


rangement of  the  species,  with    ^, 


the  number  of  the  Family  ap- 
pended, is  the  same  as  in  the 
case  of  stems. 


rncema  purpurea :  circum- 
nutiition  of  young  pitchtrr, 
traced  from  8  A.M.  July  .'^rd 
to  10.15  A.M.  4th.  Temp. 
1 70-18°  C.  Apex  of  pitcher 
20  inches  from  glasji,  so 
movement  greatly  mag- 
nified. 


(1.)    Sarraceniti     purpweu     (Snrra- 
oenefB,  Fam.  11).— A  young  leaf,  or 

pitcher,  81  inches  in  height,  with  the  bladder  swollen,  but  with 
the  hood  not  as  yet  open,  had  a  filanient  fixed  transverEely 
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Fig.  94 


across  its  apex ;  it  was  observed  for  4S  h.,  and  during  the  whole 
of  this  time  it  circumnutated  in  a  nearly  similar  manner,  but 
to  a  very  small  extent.  The  tracing  given  (Fig.  93)  relates 
only  to  the  movements  during  the  first  26  h. 

(2.)  filaurium  luteum  (Papave- 
raceco,  Fam.  12).— A  young  plant, 
bearing  only  8  leaves,  had  a  fila- 
ment attached  to  the  youngest  leaf 
but  one,  which  was  3  inches  in 
length,  including  the  petiole.  The 
circumnutating  movement  was 
traced  during  47  h.  On  both  days 
the  leaf  descended  from  before  7  a.m. 
until  about  11  a.m.,  and  then 
ascended  slightly  during  the  rest 
of  the  day  and  the  early  part  of 
the  night.  During  the  latter  part 
of  the  night  it  fell  greatly.  It  did 
not  ascend  so  much  during  the 
second  as  during  the  first  day,  and 
it  descended  considerably  lower  on 
the  second  night  than  on  the  first. 
This  diflFerence  was  probably  due 
to  the  illumination  from  above 
having  been  insufficient  during  the 
two  days  of  observation.  Its  course 
during  the  two  days  is  shown  in 
Fig.  94. 

(3.)  Cramhe  maritima  (CruciferiB, 
Fam.  14). — A  leaf  9i  inches  in  length 
on  a  plant  not  growing  vigorously 
was  first  observed.  Its  apex  was 
in  constant  movement,  but  tlus 
could  hardly  be  traced,  from  being 
so  small  in  extent  The  apex,  how- 
ever, certainly  changed  its  course  at 
to  8.30  A.M.  l»)th.  Tracing  least  6  times  in  the  course  of  14 h. 
not  much  magnified,  as  ai)ex    ^  moTQ  vigorous  young  plant,  bear- 

?;oml'^r'^  '*  "'^"'"    -K  only41eavcs,  was  then  selected. 

and  a  filament  was  affixed  to  the 
midrib  of  the  third  leaf  from  the  base,  which,  with  the  petiole,  was 
6  inches  in  length.  The  leaf  stood  up  almost  vertically,  but  the  tip 


Ut'iw^'ii  iuteum :  circumnuta- 
tion  of  young  leaf,  traced 
from  9.30  a.m.  June    14th 
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was  deflected,  so  that  the  filament  projected  almost  horizontal! jr, 

and  its  moTeiuents  were  traced  during  48  h.  on  a  yertical  glass, 

as  shown  in  the  accompanying  figure  (Fig.  95).  We  here  plainly 

see  that  the  leaf  was  con-  ^    ^^ 

Fig.  $5, 


tinually  circumnutating ; 
but  the  proper  periodicity 
of  its  movements  was  dis- 
turbed by  its  being  only 
dimly  illuminated  from 
above  through  a  double 
skylight.  We  infer  that 
this  was  the  case,  because 
two  leaves  on  plants  grow- 
ing out  of  doors,  had  their 
angles  above  the  horizon 
measured  in  the  middle 
of  the  day  and  at  9  to 
about  10  p.H.  on  succes- 
sive nights,  and  they 
were  found  at  this  latter 
hour  to  have  risen  by  an 
average  angle  of  9^  above 
their  mid-day  position: 
on  the  following  morning 
they  fell  to  their  former 
position.  Now  it  may  l)e 
observed  in  the  diagram 
that  the  leaf  rose  during 
the  second  night,  so  that 
it  stood  at  6.40  a.i[.  higher 
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than  at  10.20  p.m.  on  the    Cr»mhe  mar.'tima:  circumnutation  of  leaf, 
preceding  night ;  and  this        disturbed  by  being  insuffiriently  illumi 

may  be  attributed  to  the 
leaf  adjusting  itself  to  the 
dim  light,  coming  exclu- 
sively from  above. 

(4.)  Brassica  ohraaa  (CrucifcrflB). — Hofmeister  and  Batalin  • 
state  that  the  leaves  of  the  cabbage  riso  at  night,  and  full  by 
day.  We  covered  a  young  plant,  bearing  8  leaves,  under  a  large 
boll-glass,  placing  it  in  the  same  position  with  respect  to  the 


Dated  from  above,  traced  from  7.50  A  M. 
June  2Hrd  to  8  A.M.  25th.  Apex  of  leaf 
15J  inches  from  the  vertical  glas«,  so  that 
the  tracing  was  much  magnified,  but  is 
here  reduced  to  one-fourth  of  original  scale. 


♦  'Flora;  1873,  p. 437 
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light  in  which  it  had  long  remAined,  and  a  filament  was  fixed 
at  the  distance  of  '4  of  an  inch  from  the  apex  of  a  young  leaf 
nearly  4  inches  in  length.  Its  movements  were  then  traced 
during  three  days,  but  the  tracing  is  not  worth  giving.  The 
leaf  fell  during  the  whole  morning,  and  rose  in  the  evening  and 
during  the  early  part  of  tlie  night.  The  ascending  and  descend- 
ing lines  did  not  coincide,  so  that  an  irregular  ellipse  was  formed 
each  24  h.  The  basal  part  of  the  midrib  did  not  move,  as  was 
ascertained  by  measuring  at  successive  periods  the  angle  which 
it  formed  with  the  horizon,  so  that  the  movement  was  confined 
to  the  terminal  portion  of  the  leaf,  which  moved  through  an 
angle  of  IF  in  the  course  of  24  h.,  and  the  distance  travelled  by 
the  apex,  up  and  down,  was  between  '8  and  *  9  of  an  inch. 

In  order  to  ascertain  the  effect  of  darkness,  a  filament  was 
fixed  to  a  leaf  5]  inches  in  length,  borne  by  a  plant  which  after 
forming  a  head  had  produced  a  stem.  The  leaf  was  inclined 
44°  ahove  the  horizon,  and  its  movements  were  traced  on  a 
vertical  glass  every  hour  by  the  aid  of  a  tapcT.  During  the 
first  day  the  leaf  rose  from  8  a.m.  to  10.40  p.m.  in  a  slightly 
zifrzag  course,  the  actual  distance  travelled  by  the  apex  being 
•G7  of  an  inch.  During  the  night  the  leaf  fell,  whereas  it  ought 
to  have  risen ;  aud  by  7  a.m.  on  the  following  morning  it  had 
fallen  *23  of  an  inch,  and  it  continued  falling  until  9.40  a.m.  It 
then  rose  until  10.50  p  m.,  but  the  rise  was  interrupted  by  one 
considerable  oscillation,  that  is,  by  a  fall  and  re-ascent.  During 
the  second  night  it  again  fell,  but  only  to  a  very  short  distance, 
and  on  the  fol 'owing  morning  re-ascended  to  a  very  short 
distance.  Thus  the  normal  course  of  the  leaf  was  greatly 
disturbed,  or  rather  completely  inverted,  by  the  absence  of 
light;  and  the  movements  were  likewise  greatly  diminished  in 
amplitude. 

We  may  add  that,  according  to  Mr.  A.  Stephen  Wilson  *  the 
young  leaves  of  the  Swedish  turnip,  which  is  a  hybrid  between 
B.  oleracea  and  rapa,  draw  together  in  the  evening  so  much 
'*  that  the  horizontal  breadth  diminishes  about  30  per  cent,  of 
the  daylight  breadth."  Therefore  the  leaves  must  rise  con- 
siderably at  night. 

(5.)  Lianihus  oiiyoplyUus  (Caryoi)hyllcaj,  Fam.  26).  —  The 


•  *  Trans.  Bot.  Soo.  E<linbwrp:h,'  see  Darwin,  •  Animals  and  Plants 
vol.  xiii.  p.  32.  With  rvsp^ct  to  under  Donicttticatiun/  2nd  edit 
the  origin  of  the  Swedi&h  turnip,       vol.  i.  p.  344. 
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tenninal  shoot  of  a  young  plant,  growing  very  vigorously,  was 
selected  for  observation.  The  young  leaves  at  first  stand  up 
vertically  and  close  together,  but  they  soon  bend  outwards  and 
downwards,  so  as  to  become  horizontal,  and  often  at  the  same 
time  a  little  to  one  side.  A  filament  was  fixed  to  the  tip  of  a 
young  leaf  whilst  still  highly  inclined,  and  the  first  dot  was 
made  on  the  vertical  glass  at  8.30  a.m.  June  13tb,  but  it  curved 
downwards  so  quickly  that  by  6.40  a.m.  on  the  following 
morning  it  stood  only  a  little  above  the  horizon.    In  Fig.  96 


Fig.  96 


flO'JSfp.mJ3^ 


J0'3^p,mJ£^ 


'''Ic'ami.U'^ 


iO''4^p.mJ4^* 


Dianthus  cai-yophjUus :  circumnutntion  of  young  leaf,  traced  from  10.15 
P.M.  June  13th  to  10..H5  p.m.  IGth.  Apex  of  leaf  stood,  at  the  close  of 
our  observations,  8f  inches  from  the  vertical  glass,  so  tracing  not 
greatly  magnified.     The  leaf  was  b\  inches  long.     Temp.  15i°-17J°  C. 

the  long,  slightly  zigzag  line  representing  this  rapid  downward 
course,  which  was  somewhat  inclined  to  the  left,  is  not  given  ; 
but  the  figure  shows  the  highly  tortuous  and  zigzag  course, 
together  with  some  loops,  pursued  during  the  next  2]  days. 
As  the  leaf  continued  to  move  all  the  time  to  tlio  left,  it  is 
evident  that  the  zigzag  line  represents  many  circumnutations. 

(6.)  Camellia  Japonica  (Camel liacero,  Fam.  32). — ^A  youngish 
leftf,  which  together  with  its  petiole  was  21  inches  in  length  and 
which  arose  from  a  side  branch  on  a  tall  bush,  had  a  filament 
attached  to  its  apex.  This  leaf  sloped  downwards  at  an  angle 
of  40^  beneath  the  horizon.  As  it  was  thick  and  rigid,  and  its 
11 
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petiole  very  short,  mncli  movement  could  not  be  ezj)^^ 

Nevertheless,  the  apex  changed  its  course 
^^S-  97.  completely  seven  times  in  the  course  of 

Hi  h.,  but  moved   to  only  a  very  small 
distance.    On  the  next  day  the  movement 
of  the  apex  was  traced  during  26  h.  20  m. 
r,      „.   r  •       (as  shown  in  Fig.  97),  and  was  nearly  of 

curanutation  ofleaf,  ^^^^  same  nature,  but  rather  less  complex, 
traced  from  6.40  The  movement  seems  to  be  periodical,  for 
A.M.  June  14th  to  oa  both  days  the  leaf  circumnutated  in  the 
a'^^x  ti^\tJ^^\2  forenoon,  fell  in  the  afternoon  (on  the  first 
inches  from  the  ver-  day  until  between  3  and  4  p.m.,  and  on  the 
ticalglasi,  80  figure    second  day  until  6  p.m.),  and  then  rose, 

^fieif^^Tcm  Tg^-  ^^^^°?  ^^^°  ^xvcm^  the  night  or  early 
16 J^  C.    *"^  morning. 

In  the  chapter  on  the  Sleep  of  Plants 
we  shall  see  that  the  leaves  in  several  Malvaceous  genera  sink 

Fig.  98. 

\9\  a&ajn-Uth 


^M*a.m.l0fh 


IO\^,pML 


tSO'a.m.l^ 


Pdargomum  zoiuile :  circumnutation  and  downward  movement  of  yoa&f 
leaf,  traced  from  9.30  a.m.  June  14th  to  6.30  p.m.  16th.  Apex  of  leaf 
9^  inches  from  the  vertical  glass,  so  figure  moderately  magnified. 
Temp.  I50-I6J0  C. 

at  night;  and  as  they  often  do  not  then  occupy  a  yertical 
position,  especially  if  they  have  not  been  well  illuminated  during 
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Fig.  99. 


the  day,  it  is  doubtful  whether  some  of  these  cases  onght  not 
to  have  been  included  in  the  present  chapter. 

(7.)  Pelargonium  zonule  (Geraniacea),  Fam.  47).  —  A  young 
leaf,  li  inch  in  breadth,  with  its  petiole  1  inch  long,  borne  on 
a  young  plant,  was  observed  in  the  usual  manner  during  61  h. ; 
and  its  course  is  shown  in  the  preceding  figure  (Fig.  98). 
During  the  first  day  and  night  the  leaf  moved  downwards,  but 
circumnutated  between  10  a.m.  and  4.30  p.m.  On  the  second 
day  it  sank  and  rose  again,  but  between  10  a.m.  and  6  p.m.  it 
circumnutated  on  an  extremely  small  scale.  On  the  third  day 
the  circunmutation  was  more  plainly  marked. 

(8.)  Cissun  discolor  (AmpclidesB,  Fam.  67).— A  leaf,  not  nearly 
full-grown,  the  third  from  the  apex  of 
a  shoot  on  a  cut-doAvn  plant,  was 
observed  during  31  h.  30  m.  (see  Fig. 
99).  The  day  was  cold  (15^-16°  C), 
and  if  the  plant  had  been  observed  in 
the  hot-house,  the  circumnutation, 
though  plain  enough  as  it  was,  would 
probably  have  been  far  more  con- 
spicuous. 

(9.)  Vicia  /aba  (Leguminosa),  Fam. 
75). — ^A  young  leaf,  3*1  inches  in 
length,  measured  from  base  of  petiole  to 
end  of  leaflets,  had  a  filament  affixed 
to  the  midrib  of  one  of  the  two  ter- 
minal leaflets,  and  its  movements  were 
traced  during  51i  h.  The  filament  fell 
all  morning  (July  2nd)  till  3  p.m.,  and 
then  rose  greatly  till  10.35  p.m.  ;  but 
the  rise  this  day  was  so  great,  com- 
pared with  that  which  subsequently 
occurred,  that  it  was  probably  due  in 
part  to  the  plant  being  illuminated 
from  above.  The  latter  part  of  the  course  on  July  2nd  is  alone 
given  in  the  following  figure  (Fig.  100).  On  the  next  day 
(July  3rd)  the  leaf  again  fell  in  the  morning,  then  circumnu- 
tated in  a  conspicuous  manner,  and  rose  till  late  at  night;  but 
the  movement  was  not  traced  after  7.15  p.m.,  as  by  that  time  the 
filament  pointed  towards  the  upper  edge  of  the  glass.  During 
the  latter  part  of  the  night  or  early  morning  it  again  fell  in  the 
same  manner  as  before. 


Cifstts  discolor  •  circumnv- 
tation  of  leaf,  traced 
from  10.35  a.m.  May 
28th  to  6  P.M.  29th. 
Apex  of  leaf  8f  inches 
from  the  vertical  glass. 
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As  the  eyening  rise  and  the  early  momiiig  fall  were  unusually 
large,  the  angle  of  the  petiole  aboTe  the  horizon  was  measured 
at  the  two  periods,  and  the  leaf  was  found  to  haye  risen  19* 


Fig.  100. 


•4 


tTitS'aM.S': 


etdS'aM.^ 


*J5'»M  4^ 


rSai'i  fohM  circumnutation  of  leaf,  traced  from  7.15  P.M.  July  2nd  tc 
10.15  A.M.  4th.  Apex  of  the  two  terminal  leaflets  7^  inches  from  the 
vertical  ebws.  Figure  here  reduced  to  two-thirds  of  original  scale. 
Temp.  17<'-18°  C. 

between  12.20  p.u.  and  10.45  p.m.,  and  to  have  fallen  23^  80^ 

between  the  latter  hour  and  10.20  a.m.  on  the  following  morning. 

The  main  petiole  was  now  secured  to  a  stick  close  to  the  base 
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of  the  two  terminal  leaflets,  which  were  1  *4  inch  in  length ;  and 
the  moYements  of  one  of  them  were  traced  during  48  h.  (see 
Fig.  101).  The  course  pursued  is  closely  analogous  to  that  of 
the  whole  leaf.  The  zigzag  line  between  8.80  a.m.  and  8.30  p.m. 
on  the  second  day  represents  5  yery  small  ellipses,  with  their 

Fig.  101. 


JP'^^'OLM. 


V3(yajiL0^ 


Vicia  faba:  ciTciimnatation  of  one  of  the  two  termioal  leaflets,  the  maia 
petiole  having  been  secured,  traced  from  10.40  A.ii.  July  4th  to  10.30  a  JL 
6th.  Apex  of  leaflet  6}  inches  from  the  vertical  glass.  Tracing  here 
reduced  to  one-half  of  original  scale.     Temp.  16^-18^  C. 

longer  axes  differently  directed.  From  these  observations  it 
follows  that  both  the  whole  leaf  and  the  terminal  leaflets  undergo 
a  well-marked  daily  periodical  movement,  rising  in  the  evening 
and  falling  during  the  latter  part  of  the  night  or  early  morning ; 
whilst  in  the  middle  of  the  day  they  generally  circumnutate 
round  the  same  small  space. 
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(10.)  Atacia  rttinovht  (Legutninose). — The  morement  of  » 
youDg  phyllode,  2j  inches  in  length,  and  inclined  at  a  consider- 
able angle  above  the  horizon,  was  traced 
*'8  l^!"-  during  45  h.  30  m.;  but  in  the  figaro  here 

given  (Fig.  102),  its  circumnutation  ia  ahown 
During  part  of 
I.)  tlie  plij'llode 


A.H.  July  18th   Id 


Fig.  103. 


during  only  21  h. 
thia  time  (viz.,  14  h. 
described  a  figure  re- 
presenting 5  or  6 
small  ellipses.  The 
actual  amount  of 
movement  in  a  ver- 
tical direction  vras  '3 
inch.  The  phyllodo 
rose  considerablj  be- 
tween 1.30  F.H.  and 
4  p.u.,  but  there  was 
no  evidence  on  either 
iBiii.  day  of  a  regular  pe- 
A]iei  of  phyllode  8    rjoijic  movement. 

tmlcaUhrt.mp''         <"■>   ^"^""'*   '^*- 

16,"-17|»  c'  «■"»"«  (LoguminoKB). 

— Plants  were  raised 
from  seed  purchased  under  tliis  name. 
This  is  one  of  the  species  in  thia  large 
genus,  the  leaves  of  which  do  not  sleep 
at  night.  The  petioles  rise  direct  from 
the  ground,  and  are  from  5  to  7  inches 
in  length.  A  filament  was  fixed  to  the 
midrib  of  one  of  the  longer  leaflets,  and 
the  movement  of  the  whole  leaf  was  traced, 
BH  shown  in  Fig.  103.  In  the  course  of 
6  h.  30  m.  the  filament  went  four  times  up 
and  three  times  down.  A  new  tracing 
WHS  then  begun  (not  hero  given),  and 
during  121  h.  the  leaf  moved  eight  times  ;„„„^tio>,  of"  l«f 
up  and  seven  times  down;  so  that  it  traced  on  Tcriical 
described  7i  ellipses  in  this  time,  and  gl»s»,frDin  lO.lSi.n. 
this  is  an  extraordinary  rate  of  movement.  '"  .■''■*^  h"' ai,'  ''*'' 
The  summit  of  the  petiole  was  then  secured 
to  A  stick,  and  the  separate  loaflcts  wore  found  to  be  continnallj 
aircumnutating. 
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Fig.  104. 


(12.)  Echeveria  stolmi/era  (Crassulaccee,  Fam.  84). — The  older 
leaves  of  this  plant  are  so  thick  and  fleshy,  and  the  young  ones 
80  short  and  broad,  that  it  seemed 
very  improbable  that  any  circum- 
nutation  could  be  detected.  A  fila- 
ment was  fixed  to  a  young  upwardly 
inclined  leaf,  '75  inch  in  length  and 
"28  in  breadth,  which  stood  on  the 
outside  of  a  terminal  rosette  of  leaves, 
produced  by  a  plant  growing  very 
vigorously.  Its  movement  was  traced 
during  3  days,  as  here  shown  (Fig. 
104).  The  course  was  chiefly  in  an 
upward  direction^  and  this  may  be 
attributed  to  the  elongation  of  the 
leaf  through  growth ;  but  we  see  that 
the  lines  are  strongly  zigzag,  and  that 
occasionally  there  was  distinct  cir- 
cumnutation,  though  on  a  very  small    J^'cheveria  stolmifera :  circum. 

scale. 

(13.)  BryophyUum  (vel  Calanchce) 
calycinuin  (Crassulacese).  —  Duval- 
Jouve  ('Bull.  Soc.  Bot  de  France,' 
Feb.  14th,  1868)  measured  the  dis- 
tance between  the  tips  of  the  upper 
pair  of  leaves  on  this  plant,  with  the  result  shown  in  the  following 
Table.  It  should  be  noted  that  the  measurements  on  Dec.  2nd 
were  made  on  a  different  pair  of  leaves  :— 


Datation  of  leaf,  traced 
from  8.20  A.M.  June  25th 
to  8.45  AM.  28th.  Apex 
of  leaf  12  J  inches  from  the 
glass,  80  that  the  moyement 
was  much  magniBed ;  temp. 
23<'-24J°  C. 


Not.  16 
Dec     2 


8  A.M. 

15  mm. 

48 

22 


» 


2  P.M. 

.  25  mm. 
.  60    „ 
.  *3    „ 


7  P.M. 

.    (?) 

,  48  mm. 

.   28    „ 


We  see  from  this  Table  that  the  leaves  stood  considerably 
further  apart  at  2  p.m.  than  at  either  8  a.u.  or  7  p.m.  ;  and  this 
shows  that  they  rise  a  little  in  the  evening  and  fall  or  open 
in  the  forenoon. 

(14.)  Drosera  rotundifvlia  (Droseraceffl,  Fam.  85). — The  move- 
ments of  a  young  leaf,  having  a  long  petiole  but  with  its  tentacles 
(oi  gland-bearing  hairs)  as  yet  unfolded,  were  traced  during 
47  h.  15  m.  The  figure  (Fig.  105)  shows  that  it  circumnutated 
largely,  chiefly  in  a  vertical  direction,  making  two  ellipses  each 
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day.    On  both  days  the  leaf  began  to  descend  after  12  or 
I  o'clock,  and  continued  to  do  so  all  night,  though   to  a 

very  unequal  distance  on  the 


Fig.  105. 


iSpml 


-Ttl 


9*15  {unJ, 


iOr40'pjnA^ 


Drosera  rotundifrlii :  circumoutation 
of  young  leaf,  with  filament  fixed 
to  back  of  blade,  traced  from  9.15 
A.M.  June  7th  to  8.30  A.M.  June 
9th.  Figure  here  reduced  to  one- 
half  original  s&ile. 


two  occasions.  We  therefore 
thought  that  the  movement 
was  periodic;  but  on  observ- 
ing three  other  leaves  during 
several  successive  days  and 
nights,  we  found  this  to  be  an 
error;  and  the  case  is  given 
merely  as  a  caution.  On  the 
third  morning  the  above  leaf 
occupied  almost  exactly  the 
same  position  as  on  the  first 
morning ;  and  the  tentacles 
by  this  time  had  unfolded 
sufficiently  to  project  at  right 
angles  to  the  blade  or  disc. 

The  leaves  as  they  grow 
older  generally  sink  more 
and  more  ^^ownwards.  The 
movement  of  an  oldish  leaf, 
the  glands  of  which  were 
still  secreting  freely,  was 
traced  for  24  h.,  during  which 
time  it  continued  to  sink  a 
little  in  a  slightly  zigzag  line. 
On  the  following  morning,  at 
7  A.M.,  a  drop  of  a  solution 
of  carbonate  of  ammonia  (2 
gr.  to  1  oz.  of  water)  was 
placed  on  the  disc,  and  this 
blackened  the  glands  and  in- 


duced inflection  of  many  of  the  tentacles.  The  weight  of  the 
drop  caused  the  leaf  at  first  to  sink  a  little ;  but  immediately 
afterwards  it  began  to  rise  in  a  somewhat  zigzag  course,  and 
continued  to  do  so  till  3  p.m.  It  then  circumnutated  about 
the  same  spot  on  a  very  small  scale  for  21  h. ;  and  during  the 
next  21  h.  it  sank  in  a  zigzag  line  to  nearly  the  same  level 
which  it  had  held  when  the  anmionia  was  first  administered. 
By  this  time  the  tentacles  had  re-expanded,  and  the  glands  had 
recovered  their  proper  colour.    "We  thus  learn  that  an  old  lea^ 


Chap.  IV.  DICOTYLEDONa  239 

drcumnTitates  on  a  small  scale,  at  least  whilst  absorbing  car- 
bonate of  ammonia ;  for  it  is  probable  that  this  absorption  may 
stimulate  growth  and  thus  re-excite  circumnutation.  Whether 
the  rising  of  the  glass  filament  which  was  attached  to  the  back 
of  the  leaf,  result^  from  its  margin  becoming  slightly  infiected 
(as  generally  occurs),  or  from  the  rising  of  the  petiole,  was  not 
ascertained. 

In  order  to  learn  whether  the  tentacles  or  gland-bearing  hairs 
eircumnutate,  the  back  of  a  yoimg  leaf,  with  the  innermost 
tentacles  as  yet  incurved,  was  firmly  cemented  with  shellac 
to  a  fiat  stick  driven  into  compact  damp  argillaceous  sand. 
The  plant  was  placed  under  a  microscope  with  the  stage  re- 
rooTed  and  with  an  eye- piece  micrometer,  of  which  each 
division  equalled  -g^  of  an  inch.  It  should  be  stated  that  as 
the  leaves  grow  older  the  tentacles  of  the  exterior  rows  bend 
outwards  and  downwards,  so  as  ultimately  to  become  deflected 
considerably  beneath  the  horizon.  A  tentacle  in  the  second 
row  from  the  margin  was  selected  for  observation,  and  was 
found  to  be  moving  outwards  at  a  rate  of  -^q  of  an  inch  in 
20  m.,  or  y^  of  inch  in  I  h.  40  m. ;  but  as  it  likewise  moved 
from  side  to  side  to  an  extent  of  above  -^  of  inch,  the  move- 
ment was  probably  one  of  modified  circunmutation.  A  tentacle 
on  an  old  leaf  was  next  observed  in  the  same  manner.  In 
15  m.  after  being  placed  under  the  microscope  it  had  moved 
about  Y^  of  an  inch.  During  the  next  7^  h.  it  was  looked  at 
repeatedly,  and  during  this  whole  time  it  moved  only  another 
Y^^  of  an  inch ;  and  this  small  movement  may  have  been  due 
to  the  settling  of  the  damp  saud  (on  which  the  plant  rested), 
though  the  sand  had  been  firmly  pressed  down.  We  may  there- 
fore conclude  that  the  tentacles  when  old  do  not  eircumnutate ; 
yet  this  tentacle  was  so  sensitive,  that  in  23  seconds  after  its 
gland  had  been  merely  touched  with  a  bit  of  raw  meat,  it  began 
to  curl  inwa^s.  This  fact  is  of  some  importance,  as  it  appa- 
rently shows  that  the  inflection  of  the  tentacles  from  the  stimulus 
of  absorbed  animal  matter  (and  no  doubt  from  that  of  contact 
with  any  object)  is  not  due  to  modified  circumnutation. 

(15.)  Dioucea  mueciptla  (DroseraceaB). — It  should  be  premised 
that  the  leaves  at  an  early  stage  of  their  development  have  the 
two  lobes  pressed  closely  together.  These  are  at  first  directed 
back  towards  the  centre  of  the  plant ;  but  they  gradually  rise  up 
and  soon  stand  at  right  angles  to  the  petiole,  and  ultimately  in 
nearly  a  straight  line  with  it    A  young  leaf,  which  with  tlui 
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petiole  was  only  1*2  inch  in  length,  had  a  filament  fixed  exter- 
nally along  the  midrib  of  the  still  closed  lobes,  which  projected 
at  right  angles  to  the  petiole.  In  the  evening  this  leaf  com- 
pleted an  ellipse  in  the  course  of  2  h.  On 
the  following  day  (Sept.  25th)  its  move- 
ments were  traced  during  22  h. ;  and  we 
see  in  Fig.  106  that  it  moved  in  the  same 
general  direction,  due  to  the  straightening 
of  the  leaf,  but  in  an  extremely  zigzag  line. 
This  line  represents  several  drawn-out  or 
modified  ellipses.  There  can  therefore  be 
no  doubt  that  tliis  young  leaf  circumnu- 
tatcd. 

A  rather  old,  horizontally  extended 
leaf,  with  a  filament  attached  along  the 
under  side  of  the  midrib,  was  next 
observed  during  7  h.  It  hardly  moved, 
but  when  one  of  its  sensitive  hairs 
was  touched,  the  blades  closed,  though 
not  very  quickly.  A  new  dot  was  now 
made  on  the  glass,  but  in  the  course  of 
14  h.  2'J  m.  there  was  hardly  any  change 
in  the  position  of  the  filament  We  may 
therefore  infer  that  an  old  and  only 
moderately  sensitive  leaf  does  not  circum- 
nutate  plainly;  but  we  shall  soon  see 
that  it  by  no  means  follows  that  such 
a  le^f  is  absolutely  motionless.  We  may 
further  infer  that  the  stimulus  from  a 
zontal  s'lass  in  dark-    touch  does  not  re-excite  plain  circumnu- 

nesfj,  from  noon  Sept.     fofjon 

•24th  to  10  A.M.  25th.  .       .,         .  „  1     ru  A      4i^  « 

Apox  of  leaf  i:U  Another  full-grown  leaf  had  a  filament 
inches  from  the  g1a.ss,  attached  externally  along  one  side  of  the 
50  tracing   consider-    midrib  and  parallel  to  it,  so  that  the  filii- 

should  be  first  statcil  that,  although  a  touch  on  one  of  the  sensi- 
tive hairs  of  a  vigorous  leaf  causes  it  to  close  quickly,  often 
almost  instantly,  yet  when  a  bit  of  damp  meat  or  some  solution 
of  carlx)nate  of  ammonia  is  placed  on  the  lobes,  they  close  so 
slowly  that  generally  24:  h.  is  required  for  the  completion  of  the 
act.  The  al)ove  leaf  was  first  ol]«ervcd  for  2  h.  30  m.,  and  did 
not  circiminutate,  but  it  ought  to  have  been  observed  for  a 
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longer  poriud;  altbough,  aa  we  hnve  scon,  a  young  leaf  oom- 
ploted  a  Eiirly  large  elUpee  in  2  h.  A  drop  of  an  infusion  of 
Okw  mutt  was  tlien  placed  ou  tbe  leaf,  and  within  2  h.  the  gtiisa 
filament  ro^  a  little ;  and  this  implies  that  the  lobes  Lnd  begun 
to  close,  and  perhaps  the  petiole  lo  rise.  It  continued  to  rise 
with  oxlreme  slon'ness  for  the  next  8  h.  30  m.  The  position  of 
the  pot  was  then  (7.15  p.k.,  Sept.  24th)  slightly  changed  and 
additional  drop  of  the  infusion  given,  and  a  new  traeing 
1  bopnn  (Fig.  107).  l)y  10,50  j-.m.  the  filament  had  riaon 
only  a  little  more,  and  it  fell  during  the  night.  On  the  follow- 
ing morning  tlie  lobes  were  closing  more  quickly,  and  by  6  p.m. 
it  was  evident  to  the  eye  that  they  had  closed  eooBiderably ;  by 
8.48  P.M.  this  was  still  plainer,  and  by  10.45  p.m.  the  marginal 
■pikes  were  interlocked.  The  leaf  foil  a  little  during  the  night, 
»Dd  next  morning  (25th)  at  7  a  k.  the  lobes  were  completely 
shut.    The  course  pursued,  as  may  be  seen  in  the  figure,  was 


rongly  sigzag,  and  this  indicates  that  tlio  closing  of  the  lobes 
I  combined  with  the  circum nutation  of  the  wliole  leaf; 
*  and  there  cannot  be  much  doubt,  considering  how  motionlesa 
the  leaf  was  during  2  h.  30  m.  before  it  received  the  infusion, 
that  the  Bbaorption  of  the  animal  matter  had  excited  it  to 
drcnmiintate.  The  leaf  was  occasionally  observed  for  the  next 
font  days,  but  wm  kept  in  rather  too  cool  a  place ;  nevartheless, 
it  continued  to  circumnulale  to  a  small  extent,  and  the  lolws 
remained  closed. 

It  is  GometimoB  staled  in  botanical  works  that  the  lulies  cIorb 
or  sleep  at  night;  but  this  is  an  error.  To  test  the  staCement, 
very  long  glass  filaments  were  fixed  inside  the  two  lobes  of 
three  leaves,  and  the  distances  between  their  tips  were  measured 
in  the  middle  of  the  day  and  at  night ;  but  no  difference  could 
bo  detected. 

The  previous  obsorTationa  relate  to  the  moremonts  of  the 
whole  leaf,  bnt  the  lobes  move  indopondenlly  of  the  petiole,  and 
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seem  to  be  continually  opening  and  shutting  to  a  Tcry  small 
extent.  A  nearly  full-grown  leaf  (afterwards  proved  to  be 
highly  sensitive  to  contact)  stood  almost  horizontally,  so  tliat 
by  driving  a  long  thin  pin  through  the  foliaceous  petiole  close 
to  the  blade,  it  was  rendered  motionless.  The  plant,  with 
a  little  triangle  of  paper  attached  to  one  of  the  marginal  spikes, 
was  placed  under  a  microscope  with  an  eye-piece  micrometer, 
each  division  of  wliich  equalled  -g^  of  an  inch.  The  apex  of 
the  paper-triangle  was  now  seen  to  be  in  constant  slight  move- 
ment ;  for  in  4  h.  it  crossed  nine  divisions,  or  ^fe  of  an  inch, 
and  after  ten  additional  hours  it  moved  back  and  had  crossed 
■g^  in  an  opposite  direction.  The  plant  was  kept  in  rather 
too  cool  a  place,  and  on  the  following  day  it  moved  rather  less, 
namely,  -g^  in  3  h.,  and  ^  in  an  opposite  direction  during  the 
next  6  h.  The  two  lolies,  therefore,  seem  to  be  constantly 
closing  or  opening,  though  to  a  very  small  distance;  for  we  must 
remember  that  the  little  triangle  of  paper  aflSxed  to  the  marginal 
spike  increased  its  length,  and  thus  exaggerated  somewhat  the 
movement.  Similar  observations,  with  the  important  difference 
that  the  petiole  was  left  free  and  the  plant  kept  under  a  high 
temperature,  were  made  on  a  leaf,  which  was  healthy,  but  so  old 
that  it  did  not  close  when  its  sensitive  hairs  were  repeatedly 
touched,  though  judging  from  other  cases  it  would  have  slowly 
closed  if  it  had  been  stimulated  by  animal  matter.  The  apex  of 
the  triangle  was  in  almost,  though  not  quite,  constant  movement, 
sometimes  in  one  direction  and  sometimes  in  an  opposite  one ; 
and  it  thrice  crossed  five  divisions  of  the  micrometer  (i.e.  j^  of 
an  inch)  in  30  m.  This  movement  on  so  small  a  scale  is  hardly 
comparable  with  ordinary  circumnutation ;  but  it  may  perhaps 
be  compared  with  the  zigzag  lines  and  little  loops,  by  which  the 
larger  ellipses  made  by  other  plants  are  often  interrupted. 

In  the  first  chapter  of  this  volume,  the  remarkable  oscillatory 
movements  of  the  circumnutating  hypocotyl  of  the  cabbage 
have  been  descril)ed.  The  leaves  of  Dioniea  present  the  same 
phenomenon,  which  is  a  wonderful  one,  as  viewed  under  a  low 
power  (2-inch  object-glass),  with  an  eye-piece  micrometer  ol 
which  each  division  (^^  of  an  inch)  api)eared  as  a  rather  wide 
space.  The  young  unexpanded  leaf,  of  which  the  circumnutating 
movements  were  traced  (Fig.  IOC),  had  a  glass  filament  fixed 
perpendicularly  to  it;  and  the  movement  of  the  apex  was 
observed  in  the  hot-house  (temp.  84*>  to  86°  F.),  with  light 
admitted  only  from  above,  and  with  any  lateral  currents  of  air 
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excluded.  The  apex  sometimes  crossed  one  or  two  divisions  of 
the  micrometer  at  an  imperceptibly  slow  rate,  but  generally  it 
moTcd  onwards  by  rapid  starts  or  jerks  of  youjs  or  Ychny  ^^^  ^^ 
one  instance  of  ^.^^  of  an  inch.  After  each  jerk  forwaixls,  the 
apex  drew  itself  backwards  with  comparative  slowness  for  part 
of  the  distance  which  had  just  lieeu  gained ;  and  then  after  a 
Tery  short  time  made  another  jerk  forwards.  Four  conspi- 
cuous jerks  forwards,  with  slower  retreats,  were  seen  on  one 
oocatdon  to  occur  in  exactly  one  minute,  besides  some  minor 
oscillations.  As  far  as  we  could  judge,  the  advancing  and 
retreating  lines  did  not  coincide,  and  if  so,  extremely  minute 
ellipses  were  each  time  described.  Sometimes  the  apex  remaiueil 
quite  motionless  for  a  short  period.  Its  general  course  during 
the  several  hours  of  observation  was  in  two  opposite  directions. 
so  that  the  leaf  was  probably  circumnutating. 

An  older  leaf  with  the  lobes  fully  expanded,  and  which  was 
afterwards  proved  to  be  highly  sensitive  to  contact,  was  next 
observed  in  a  similar  manner,  except  that  the  plant  was  exposed 
to  a  lower  temperature  in  a  room.  The  apex  oscillated  forwards 
and  backwards  in  the  same  manner  as  before ;  but  the  jerks  for- 
ward were  less  in  extent,  viz.  about  y^>^  inch ;  and  there  were 
longer  motionless  periods.  As  it  appeared  possible  tliat  the 
movements  might  be  due  to  currents  of  air,  a  wax  taper  was 
held  close  to  the  leaf  during  one  of  the  motionless  periods,  but 
no  oscillations  were  thus  caused.  After  10  m.,  however,  vigorous 
oscillations  commenced,  perhai>s  owing  to  the  plant  having  been 
warmed  and  thus  stimulated.  The  candle  was  then  n^moved  and 
before  long  the  oscillations  ceased ;  nevertheless,  when  looked  at 
again  after  an  interval  of  1  h.  30  m.,  it  was  again  oscillating. 
The  plant  was  taken  back  into  the  hot-house,  and  on  the 
following  morning  was  seen  to  be  oscillating,  though  not  very 
vigorously.  Another  old  but  healthy  leaf,  which  was  not  in  the 
least  sensitive  to  a  touch,  was  likewise  observed  during  two 
days  in  the  hot-house,  and  the  attached  filament  made  many 
little  jerks  forwards  of  about  ^oi^  or  only  y^  of  an  inch. 

Finally,  to  ascertain  whether  the  lobes  independently  of  the 
petiole  oscillated,  the  petiole  of  an  old  leaf  was  cemented  close 
to  the  blade  with  shellac  to  the  top  of  a  little  stick  driven  into 
the  soil.  But  before  this  was  done  the  leaf  was  observed,  and 
found  to  be  vigorously  oscillating  or  jerking;  and  after  it  had 
been  cemented  to  the  stick,  the  oscillations  of  about  -^^  of 
an  inch  still  continued.    On  the  following  day  a  little  infusion 
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of  raw  meat  was  placed  on  tlie  leaf,  which  caused  the  lobes  tc 
close  together  very  slowly  in  the  course  of  two  days;  and  the 
oedllations  continued  during  this  whole  time  and  for  the  next 
two  days.  After  nine  additional  days  the  leaf  began  to  o]Xin 
and  the  margins  were  a  little  everted,  and  now  the  apex  of  the 
glass  filament  remained  for  long  i)eriods  motionless,  and  then 
moved  backwards  and  forwards  for  a  distance  of  about 


1000 


Fig.  108. 


of 

an  inch  slowly,  without  any  jerks.  Nevertheless,  after  warming 
the  leaf  with  a  taper  held  close  to  it,  the  jerking  movement 
recommenced. 

This  same  leaf  had  been  observed  2.i  months  previously,  and 
was  then  found  to  be  oscillating  or  jerking.  We  may  therefore 
infer  that  this  kind  of  movement  goes  on  night  and  day  for  a 
very  long  period ;  and  it  is  common  to  young  unexpanded  leaves 
and  to  leaves  so  old  as  to  have  lost  their  sensitiveness  to  a 
touch,  but  which  were  still  capable  of  absorbing  nitrogenous 
matter.  The  phenomenon  when  well  displayed,  as  in  the  young 
leaf  just  described,  is  a  very  interesting  one.  It  often  brought 
before  our  minds  the  idea  of  effort,  or  of  a  small  animal 
struggling  to  escape  from  some  constraint. 
(16.)  Eucalyptus  rtsiniftia  (MyrtaccaB,  Fam.  94). — A  young  leaf, 

two  inches  in  length  together  with 
the  petiole,  produced  by  a  lateral 
shoot  from  a  cut-down  tree,  was 
observed  in  the  usual  manner. 
The  blade  had  not  as  yet  as- 
sumed its  vertical  position.  On 
Jmie  7th  only  a  few  observations 
were  made,  and  the  tracing  merely 
showed  that  the  leaf  had  moved 
three  times  upwards  and  three 
downwards.  On  the  following 
«     ,    ,        ...         .  day  it  was  observed  more  £re- 

tation  of  a  le.f,  traced.  A,  from  Quently ;  and  two  trocmgs  were 
6.40  A.M.  to  1  P.M.  June  8th ;  made  (see  A  ond  B,  Fig.  108),  as 
H,  from  1  P.M.  8th  to  8.H0  A.M.    a  single  one  would  have  been  too 

Som  fhrholJ:!"^'."    complicated     The  apex  changed 

figures  considerably  magnified.     1»^  COUrse  13  times  m  the  COUrsa 

of  16  h.,  chiefly  up  and  down,  but 
with  some  lateral  movement.    The  actual  amount  of  movement 
In  any  one  direction  was  small. 
(17.)  IkJJia  (garden  var.)  (Oomposit«c,  Fam.  122).— A  fino  young 
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loiif  5f  inches  in  length,  produced  by  a  young  plant  2  feet  high, 
growing  vigorously  in  a  large  pot,  was  directed  at  an  angle  ol 
about  45°  beneath  the  horizon.  On  June  18th  the  leaf  descended 
from  10  A.M.  till  11.35  A.M.  (see  Fig.  109);  it  then  ascended 
greatly  till  6  pjf..  this  ascent  being  probably  due  to  tlie  light 

Fig.  109. 


i     JO? 


Dahlia  :  drctmiiiiitation  of  leaf,  traced  from  10  A  M.  June  18th  to  8.10  A.1I. 
20th,  but  with  a  break  of  1  h.  40  m.  on  the  morning  of  the  19th,  as, 
owing  to  the  glass  filament  pointing  too  much  to  one  aide,  the  pot  had 
to  be  slightly  mored  ;  therefore  the  relative  poxition  of  the  two  tracings 
is  somewhat  arbitrary.  The  figure  here  given  is  reduced  to  one-Hfth  of 
the  original  scale.  Apex  of  leaf  9  inches  from  the  glass  in  the  line 
of  its  inclination,  and  4£  in  a  horizontal  line. 

eoming  only  from  above.  It  zigzagged  between  6  p.m.  and 
10.35  P.M.,  and  ascended  a  little  during  the  night  It  should  be 
remarked  that  the  vertical  distances  in  the  lower  part  of  the 
diagram  are  much  exaggerated,  as  the  leaf  was  at  first  deflected 
beneath  the  horizon,  and  after  it  bad  sunk  downwards,  the 
filament  pointed  in  a  very  oblique  line  towards  tlie  glass.   Next 
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day  the  leaf  descended  from  8.20  a.m.  till  7.15  p.m.,  then  zigzagged 
and  ascended  greatly  during  the  night.  On  the  morning  of  the 
20th  the  leaf  was  probably  beginning  to  descend,  though  the 
short  lino  in  the  diagram  is  horizontal.  The  actual  distances 
travelled  by  the  apex  of  the  leaf  were  considerable,  but  could 
not  be  calculated  with  safety.  From  the  course  pursued  on  the 
second  day,  when  the  plant  had  accommodated  itself  to  the  light 
from  above,  there  cannot  be  much  doubt  that  the  leaves  undergo 
a  daily  periodic  movement,  sinking  during  the  day  and  rising 
at  night. 

(18.)  Mutisia  chmatis  (CompositaB). — The  leaves  terminate  in 
tendrils  and  circumnutate  like  those  of  other  tendril-bearers; 
but  this  plant  is  here  mentioned,  on  account  of  an  erroneous 
statement  *  which  has  been  published,  namely,  that  the  leaves 
sink  at  night  and  rise  during  the  day.  The  leaves  which 
behaved  in  this  manner  had  been  kept  for  some  days  in  a 
nortliern  room  and  had  not  been  sufficiently  illuminated.  A 
plant  tlierefore  was  left  undisturbed  in  the  hot-house,  and  three 
leaves  had  their  angles  measured  at  noon  and  at  10  p.m.  All 
three  were  inclined  a  little  beneath  the  horizon  at  noon,  but  one 
stood  at  night  2°,  the  second  21°,  and  the  third  10°  higher  than 
in  tlie  middle  of  the  day ;  so  that  instead  of  sinking  they  rise 
a  little  at  night. 

(19.)  Cycliimen  Persicum  (Primulaccas,  Fam.  135). — A  young 
leaf,  1*8  of  an  inch  in  length,  petiole  included,  produced  by  an 
old  root-stock,  was  observed  during  three  days  in  the  usual 
manner  (Fig.  110).  On  the  first  day  the  leaf  fell  more  than  after- 
wards, apparently  from  adjusting  itself  to  the  light  from  above. 
On  all  three  days  it  fell  from  the  early  morning  to  about  7  p.m., 
and  from  that  hour  rose  during  the  night,  the  course  being 
slightly  zigzag.  The  movement  therefore  is  strictly  periodic. 
It  should  be  noted  that  the  leaf  would  have  sunk  each  evening 
a  little  lower  down  than  it  did,  had  not  the  glass  filament  rested 
between  5  and  6  p.m.  on  the  rim  of  the  pot.  The  amount  of 
movement  was  considerable ;  for  if  wo  assume  that  the  whole 
leaf  to  the  base  of  the  petiole  l)ecame  bent,  the  tracing  would 
be  magnified  rather  less  than  five  times,  and  this  would  give 
to  the  apex  a  rise  and  fall  of  half  an  inch,  with  some  lateral 
movement.  This  amount,  however,  would  not  attract  attention 
without  the  aid  of  a  tracing  or  measurement  of  some  kind. 


*  *Tho  Movemcnia  and  Habit«  of  Climbing  Plants.'  1875,  p.  11& 
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(20.)  AUamanda  Schoitii  (Apocync®,  Fam.  144). — The  young 
leayes  of  this  shrub  are  elongated,  with  the  blade  bowed  so  much 


Fig.  110. 


irso*ajn.S'} 


^*40'oLm.  5*.* 


7'j9.m.3^ 


Cffdamsn  Persicum :  circum natation  of  leaf,  ti*aced  from  6.45  i.M  Jane  2iid 
to  6.40  A.M.  5th.    Apex  of  leal'  7  iuches  from  the  vertical  glaus. 

downwards  as  almost  to  form  a  semicircle.  The  chord — that 
is,  a  line  drawn  from  the  apex  of  the  blade  to  tlio  base  of  the 
petiole — of  a  young  leaf.  41  inches  in  length,  stootl  at  2.C0  p.m  or 
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Dec  5th  at  an  angle  of  13^  beneath  the  horizon,  but  by  930  pjl 

the  blade  had  straightened  itself 
so  much,    which    implies   the 

\  raising  of  the  apex,  that  the 

chord  now  stood  at  37^  above  the 
horizon,  and  had  therefore  risen 
^  50°.    On  the  next  day  similar 

angular  measurements  of  the 
same  leaf  were  made;  and  at 
noon  the  chord  stood  36°  b^ 
neath  the  horizon,  and  9.30  pm, 
3}°  above  it,  so  had  risen  39i°. 
The  chief  cause  of  the  rising 
movement  lies  in  the  straighten- 
ing of  the  blade,  but  the  short 
petiole  rises  between  4°  and  5°. 
On  the  third  night  the  chord 
stood  at  35°  above  the  horizon, 
and  if  the  leaf  occupied  the 
same  position  at  noon,  as  on 
the  previous  day,  it  had  risen 
71°.  With  older  leaves  no  such 
change  of  curvature  could  be 
detected.  The  plant  was  then 
brought  into  the  house  and 
kept  in  a  north-east  room,  but 
at  night  there  was  no  change 
in  the  curvature  of  the  young 
leaves;  so  that  previous  expo- 
sure to  a  stroDg  light  is  appa- 
rently requisite  for  the  periodi- 
cal cliange  of  curvature  in  the 
blade,  and  for  the  slight  rising 
of  the  petiole. 
(21.)  Wvjnndia  (HydroleaccfB. 
A.M.  June  2nd  to  9.20  A.M.  June    Yoxa.   149).- Professor    Pfeffer 

6th.    N.B. — ^At  6.40  A.M.  on  tne     .    -  ai.  a  xi.    i  r  ai  • 

5th  it  WM  necessary  to  move  the    informs  US  that  the  leaves  of  this 

pot  a  little,  and  a  new  tracing    plant  rise  in  the  evening ;  but  as 

waa  begun  at  the  point  where    we  do  not  know  whether  or  not 

two  dot.  are  not  joined  in  the    ^.j^^  ^sing  is  great,  this  spedei 

diagram.     Apex  of  leaf  7  inches  v  xi.        i         j 

from  the  vertical  glaas.     Temp.    O^ght    perhaps    to    be   classed 
genenllj  17}°  C.  amongst  sleeping  j^lanta 


Petunia  vioiac^ii:  downward  move- 
ment and  circumnutation  of  a 
very  young  leaf,  traced  from  10 
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(22.)  Pttunta  violacea  (SolaneiD,  Fam.  157). — A  very  young 
leaf,  only  I  inch  in  length,  highly  inclined  upwards,  was  observed 
for  four  days.  During  the  whole  of  this  time  it  bent  outwards 
and  downwards,  so  as  to  become  more  and  more  nearly  hori- 
zontal. The  strongly  marked  zigzag  line  in  the  figure  on  p.  248 
(Fig.  Ill),  shows  that  this  was  effected  by  modified  circum- 
nutation ;  and  during  the  latter  part  of  the  time  there  was  much 
ordinary  circumnutation  on  a  small  scale.  The  movement  in 
the  diagram  is  magnified  between  10  and  11  times.  It  exhibits 
a  clear  trace  of  periodicity,  as  the  leaf  rose  a  little  each  evening ; 
but  this  upward  tendency  appeared  to  be  almost  conquered  by 
the  leaf  striving  to  become  more  and  p.     ^^^ 

more  horizontal  as  it  grew  older.  The 
angles  which  two  older  leaves  formed 
together,  were  measured  in  the  even- 
ing and  about  noon  on  3  successive 
days,  and  each  night  the  angle  de- 
creased a  little,  though  irregularly. 

(23.)  Acanthus  mollis  (Acanthacece, 
Fam.  168).  —  The  younger  of  two 
leaves,  21  inches  in  length,  petiole 
included,  produced  by  a  seedling 
plant,  was  observed  during  47  h. 
Early  on  each  of  the  three  morn- 
ings, the  apex  of  the  leaf  fell ;  and 
it  continued  to  fall  till  3  p.m.,  on 
the  two  afternoons  when  observed. 
After  3  P.M.  it  rose  considerably,  and 
continued  to  rise  on  the  second  night 
until  the  early  morning.  But  on 
the  first  night  it  fell  instead  of  rising, 

and    we    have  little  doubt  that  this    Acanthus  mollis :  cxTcnmnxntti' 

was  owing  to  the  leaf  being  very  tion  of  young  leaf,  traced 
young  and  becoming  through  epi- 
nastic  growth  more  and  more  hori- 
zontal; for  it  may  be  seen  in  the 
diagram  (Fig.  112),  that  the  leaf  stood 
on  a  higher  level  on  the  first  than  on 
the  second  day.  The  leaves  of  an 
allied  species  {A.  spinosm)  certainly 

rose  every  night ;  and  the  rise  between  noon  and  10.15  p.m., 
when  measured  on  one  occasion,  was  10°.    This  rise  was  chiefly 


from  9.20  a.m.  June  14th 
to  8.30  A.M.  16th.  Apex 
of  leaf  11  inches  from  the 
vertical  glass,  so  movement 
considerably  mngDified. 
Figure  here  reduced  to  one- 
half  of  oii-^innl  scjile. 
Temp.  15®-lGi°C. 
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or  exclusively  due  to  the  straightening  of  the  blade,  and  not  to 
the  movement  of  the  petiole.  We  may  therefore  conclude  that 
the  leaves  of  Acanthus  circumnutate  periodically,  falling  in  the 
morning  and  rising  in  the  afternoon  and  night. 

(24.)  Cannabis  sativa  (Cannabine®,  Fam.  195). — We  have 
here  the  rare  case  of  leaves  moving  downwards  in  the  evening, 
but  not  to  a  sufficient  degree  to  be  called  sleep.*  In  the  early 
morning,  or  in  the  latter  part  of  the  night,  they  move  upwards. 
For  instance,  all  the  young  leaves  near  the  summits  of  several 
stems  stood  almost  horizontally  at  Sa.v.  May  29th,  and  at 
10.30  P.M.  were  considerably  declined.  On  a  subsequent  day  two 
leaves  stood  at  2  p.m.  at  2F  and  12^  beneath  the  horizon,  and  at 
10  P.M.  at  38°  l)eneath  it.  Two  other  leaves  on  a  younger  plant 
were  horizontal  at  2  p.m.,  and  at  10  p.m.  had  sunk  to  36°  beneath 
the  horizon.  With  respect  to  this  downward  movement  of  the 
leaves,  Kraus  believes  that  it  is  due  to  their  epinastic  growth. 
He  adds,  that  the  leaves  are  relaxed  during  the  day,  and  teme 
at  night,  both  in  sunny  and  rainy  weather. 

(25.)  Pinus  pinaster  {Comierv^  Fam.  223). — The  leaves  on  the 
summits  of  the  terminal  shoots  stand  at  first  in  a  bundle  almost 
upright,  but  they  soon  diverge  and  ultimately  become  almost 
horizontal.  The  movements  of  a  young  leaf,  nearly  one  inch  in 
length,  on  the  summit  of  a  seedling  plant  only  3  inches  high, 
were  traced  from  the  early  morning  of  Juno  2nd  to  the  evening 
of  the  7th.  During  these  five  days  the  leaf  diverged,  and  its  apex 
descended  at  first  in  an  almost  straight  line ;  but  during  the  two 
latter  days  it  zigzagged  so  much  that  it  was  evidently  circumnn- 
tating.  The  same  little  plant,  when  grown  to  a  height  of  5  incbe^. 
was  again  observed  during  four  days.  A  filament  was  fixed 
transversely  to  the  apex  of  a  leaf,  one  inch  in  length,  and  which 
had  already  diverged  considerably  from  its  originally  upright 
position.  It  continued  to  diverge  (see  A,  Fig.  113),  and  to 
descend  from  11.45  a.m.  July  3lKt  to  6.40  a.m.  Aug.  Ist.  On 
Augast  1st  it  circumnutated  about  the  same  small  space,  and 
again  descended  at  night.  Next  morning  the  pot  was  moved 
nearly  one  inch  to  the  right,  and  a  new  tracing  was  begun  (B), 
From  this  time,  viz.,  7  a.m.  August  2ud  to  8.20  a.m.  on  the  4th. 


•  Wo  were  led  to  observe  this  Flcra.  1879,  p.  GG.  Wc  regret  that 

plxnt  by  Dr.  C'uil  Kraus*  paper,  We  cannot  fully  understand  partt 

•  t5eitra^e  zur  Kentciss  dcr  Bewe-  of  \\\U  paper, 
gungen  WucLsunder  Laubblutter/ 
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the  leaf  manifestly  circomnntated.  It  does  not  appear  from  the 
diagram  that  the  leaves  move  i)eriodically,  for  the  descending 
course  during  the  first  two  nights,  was  clearly  due  to  epinastio 


Fig.  113. 


9r40'aMLt^ 


B. 


e'40Am^, 


8'20'ajn.^ 


-7'a.m.2^ 


Pinna  pinaster:  circcmnutation  of  young  leaf,  traced  from  11.45  a.x. 
Julj  :Ust  to  8.20  A.M.  Aug.  4th.  At  7  a.m.  Aug.  2od  the  pot  was 
mored  an  inch  to  one  side,  so  that  the  tracing  consists  of  two  figures. 
Apex  of  leaf  14|  inches  from  the  vertical  glass,  so  movements  much 
magnified. 

growth,  and  at  the  close  of  our  observations  the  leaf  was  not 
nearly  so  horizontal  as  it  would  ultimately  become. 

Pinug  auatriaca. — Two  leaves,  3  inches  in  length,  but  not 


y 
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qiute  fully  grown,  produced  by  a  lateral  shoot,  on  a  young  tree 
8  feet  in  height,  were  obserred  during  29  h.  (July  31st),  in  the 
same  nmnnor  as  the  leaves  of  the  previous  species.    Both  these 

leaves  certainly  circumnutated,  making 
within  the  above  period  two,  or  two  and 
a  half,  small,  irregular  ellipses. 

(26.)  Cycas  pectinatti  (CycadesB,  Fam. 
224).  —  A  young  leaf.  111  inches  in 
length,  of  which  the  leaflets  had  only 
recently  become  uncurled,  was  observed 
during  47  h.  30  m.  The  main  petiole 
was  secured  to  a  stick  at  the  base  of  the 
two  terminal  leaflets.  To  one  of  the 
latter,  3}  inches  in  length,  a  filament 
was  fixed ;  the  leaflet  was  much  bowed 
downward,  but  as  the  terminal  part  was 
upturned,  the  filament  projected  almost 
horizontally.  The  leaflet  moved  (see 
Fig.  114)  largely  and  periodically,  for  it 
fell  until  about  7  p.k.  and  rose  during 
the  night,  falling  again  next  morning 
after  6.40  a.m.  The  descending  lines 
are  in  a  marked  manner  zigzag,  and  so 
probably  would  have  been  the  ascending 
lines,  if  they  had  been  traced  throughout 
the  night. 


circumnutation  op  leaves: 
Monocotyledons. 

(27.)  Canna  Warscewiczit  (Gannaceta, 


Oycas  peciinata :  circuro- 
nutation  of  one  of  the 
terminal  leaflets,  traced 
from  d.Sd  A.M.  June 
2'2nd  to  8  A.M.  June 
24th.  Apex  of  leaflet 
7j  inches  from  the  ver- 
tical glass,  80  tracing    Fam.  2). — The  movements  of  a  young 

and  Tew  ^reX^''tl     ^^*^'   ^    ^^^^^    ^°    ^®"^**^    *°^    ^*    ^° 
one-third   of    original    breadth,  produced  by  a  vigorous  young 

•cale;  temp.  190-21°  C.    plant,    were    observed    during    46  h. 

50  m.,  as  shown  in  Fig.  115.  The  pot 
was  slided  about  an  inch  to  the  right  on  the  morning  of  the 
llth,  as  a  single  figure  would  have  been  too  complicated;  but 
the  two  figures  are  continuous  in  time.  The  movement  is 
periodical,  as  the  leaf  descended  from  the  early  morning  until 
about  5 PH.,  and  ascended  duiing  the  rest  of  the  evening  and 
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put  of  the  night    On  the  erening  of  the  11th  it  circnmnntated 
on  a  small  scale  fior  some  time  about  the  same  spot. 

Fig.  11&. 


Waraoevciczii :  drcamnaUtion  of  leaf^  traced  (A)  from  11.30  A 
J«D«  10th  to  6.40  1.1L  11th  ;  and  (B)  from  6.40  A.M.  11th  to  8.40 
12th.    Apex  of  leaf  9  inches  from  the  vertical  glass. 

(28.)  Iris  pseudo-aeorus  (IridesB,  Fam.  10). — The  moyements 
of  a  young  leaf,  risiiig  13  inches  above  the  water  in  which  the 
plant  giew,  were  traced  as  shown  in  the 
figure  (Pig.  116),  during  27  h.  30  m. 
It  manifestly  circumnutated,  though 
only  to  a  small  extent  On  the  second 
morning,  between  6.40  a.m.  and  2  pm, 
(at  which  latter  hour  the  figure  here 
giyen  ends),  the  apex  changed  its  course 
five  times.  Duringthenext8h.40m.it 
zigzagged  much,  and  descended  as  far 
as  the  lowest  dot  in  the  figure,  making 
in  its  course  two  Tery  small  ellipses ;  Jris  pseudo-acona :  circnm* 
but  if  these  lines  had  been  added  to  nutation  of  leaf,  traced 
the  diagram  it  would  have  been  too 
complex. 

(29.)  Orinum  C'lpense  (AmaryllideiB, 
Fam.  11).— The  leaves  of  this  plant 
are  remarkable  for  their  great  length 
and  narrowness:  one  was  measured 
and  found  to  be  53  inches  long  and 

only  1*4  broad  at  the  base.    Whilst  quite  young  they  stand  up 
almost  vertically  to  the  height  of  about  a  fuot;  afterwards 


from  10.30  a.m.  May  28th 
to  2  P.M.  29th.  Tracing 
continued  to  11  P.M.,  but 
not  here  copied.  A|>ex 
of  leaf  12  inches  beneath 
the  horizontal  gla.ss,  so 
6gure  considerably  mag- 
nified.  Temp.  150-16®C. 
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their  tips  Xyegin  to  bend  over,  and  Bubsequenily  hang  vertically 
down,  and  thus  continue  to  grow.  A  rather  young  leaf  was 
selected,  of  which  the  dependent  tapering  point  was  as  yet  only 
5i  inches  in  length,  the  upright  basai  part  being  20  inches  high, 
though  this  part  would  ultimately  become  shorter  by  being 
more  bent  over.  A  large  bell-glass  was  placed  over  the  plant, 
with  a  black  dot  on  one  side;  and  by  bringing  the  dex)endent 
apex  of  the  leaf  into  a  line  with  this  dot,  the  accompanying 
figure  (Fig.  117)  was  traced  on  the  other  side  of  the  bell,  daring 
2^  days.  During  the  first  day  (22nd)  the  tip  travelled  laterally 
far  to  the  left,  perhaps  in  consequence  of  the  plant  having  been 

Fig.  117. 


'*ii*p,m.23V*^ 


Crinum  capense :  circumnutation  of  dependent  tip  of  young  leaf,  traced  oi 
a  bell-glnss,  from  10.30  P.M.  May  22ud  to  10.15  A.ii.  25th.  Figure  not 
greatly  magnified. 

distur])ed;  and  the  last  dot  made  at  10.30  p.m.  on  this  day  is 
alone  here  given.  As  we  see  in  the  figure,  there  can  be  no 
doubt  that  the  apex  of  this  leaf  circumnutated. 

A  glass  filament  with  little  triangles  of  paper  was  at  the 
same  time  fixed  obliquely  across  the  tip  of  a  still  younger  leaf, 
which  stood  vertically  up  and  was  as  yet  straight.  Its  move- 
ments were  traced  from  3  p.m.  May  22nd  to  10.15  A.M.  25th. 
The  leaf  was  growing  rapidly,  so  that  the  apex  ascended  greatly 
during  this  period ;  as  it  zigzagged  much  it  was  clearly  circnm- 
nutating,  and  it  apparently  tended  to  form  one  ellipse  each 
day.  The  lines  traced  during  the  night  were  much  more  vertical 
than  those  traced  during  the  day ;  and  this  indicates  that  the 
tracing  would  liave  exhibited  a  nocturnal  rise  and  a  diurnal 
fall,  if  the  leaf  had  not  grown  so  quickly.  The  movement  of 
this  same  leaf  after  an  interval  of  six  days  (May  31st),  by  which 
time  the  tip  had  curved  outwards  into  a  horizontal  podtion. 
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ftnd  had  thus  made  the  first  step  towards  becoming  dependent, 
was  traced  orthogonically  by  the  aid  of  a  cube  of  wood  (in  the 
manner  before  explained) ;  and  it  was  thus  ascertained  that  the 
actual  distance  travelled  by  the  apex,  and  due  to  circumnutation, 
was  3^  inches  in  the  course  of  20|  h.  During  the  next  24  h.  it 
travelled  21  inches.  The  circumnutating  movement,  therefore, 
of  this  young  leaf  was  strongly  marked 

(30.)  Pancratium  Uttorale  (Amarylli<leae). — The  movements, 
much  magnified,  of  a  leaf,  9  inches  in  length  and  inclined  at 
about  45°  above  the  horizon,  were  traced  during  two  days.  On 
the  first  day  it  changed  its  course  completely,  upwards  and 
downwards  and  laterally,  9  times  in  12  h. ;  and  the  figure  traced 
apparently  represented  five  ellipses.  On  the  second  day  it  was 
observed  scldomer,  and  was  therefore  not  seen  to  change  its 
course  so  often,  viz ,  only  6  times,  but  in  the  same  complex 
manner  as  before.  The  movements  were  small  in  extent,  but 
there  could  bo  no  doubt  about  the  circumnutation  of  the  leaf. 

(31.)  Imatophyllum  vel  Olivia  (sp.  ?)  (Amaryllidece). — A  long 
glass  filament  was  fixed  to  a  leaf,  and  the  angle  formed  by  it 
with  the  horizon  was  measured  occasionally  during  three  suc- 
cessive days.  It  fell  each  morning  until  between  3  and  4  r.M., 
and  rose  at  night  The  smallest  angle  at  any  time  alx)ve  the 
horizon  was  48°,  and  the  largest  50°;  so  that  it  rose  only  2° 
at  night;  but  as  this  was  ol)served  each  day,  and  as  similar 
observations  were  nightly  made  on  another  leaf  on  a  distinct 
plant,  there  can  be  no  doubt  that  the  leaves  move  periodically, 
though  to  a  very  small  extent.  The  position  of  the  apex  when 
it  stood  highest  was  8  of  an  inch  above  its  lowest  point. 

(32.)  Pistia  stratiotes  (Aroidoa5,  Fam.  30).  —  Hofmeister 
remarks  that  the  leaves  of  this  floating  water-plant  are  more 
highly  inclined  at  night  than  by  day.*  We  therefore  fastened 
a  fine  glass  filament  to  the  midrib  of  a  moderately  }oung 
leaf,  and  on  Sept.  19th  measured  the  angle  which  it  formed 
with  the  horizon  14  times  l)etween  9  a.m.  and  11.50  p.m.  The 
temperature  of  the  hot-house  varied  during  the  two  days  of 
observation  between  18i°  and  23i°  C.  At  9  a.m.  the  filament 
stood  at  32°  above  the  horizon ;  at  3.34  p.m.  at  10°  and  at 
11.50  pm.  at  55°;  these  two  latter  angles  l)eing  the  highest  and 
tlie  lowest  observed  during  the  day,  showing  a  difference  of  46°. 
The  rising  did  not  become   strongly  marked  until  between 

•  *  Die  Lohre  von  der  Pflanzenzellc/  18G7,  p.  327. 
12 
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5  and  6  p.m.  On  the  next  day  the  leaf  stood  at  only  10^  al)oye 
the  horizon  at  8  25  a.m.,  and  it  remained  at  about  15^  till  past 
3  P.M.;  at  5.40  pm.  it  was  23°,  and  at  9.30  p.m.  58®;  so  that 
the  rise  was  more  sudden  this  evening  than  on  the  previous 
one,  and  the  difference  in  the  angle  amounted  to  48^.  The 
movement  is  obviously  periodical,  and  as  the  leaf  stood  on  the 
first  night  at  55°,  and  on  the  second  night  at  58°  above  the 
horizon,  it  appeared  very  steeply  inclined.  This  case,  as  we 
shall  see  in  a  future  chapter,  ought  perhaps  to  have  been 
included  under  the  head  of  sleeping  plants. 
(33.)  Poniederia  (sp.  ?)  (from  the  highlands  of  St  Catliarlna^ 

Fig,  118. 


; 


Vvntcdeia  (sp.  ?) :  circumnutnton  of  loaf,  traced  from  4.50  P.M.  JoljSnd 
to  10.15  A.M.  4th.  Apex  of  leaf  16^  inches  from  the  Tertical  glass,  so 
tracing  greutly  maguiBeU.  Temp,  about  17°  C,  and  therefore  rather 
too  low. 

Brazil)  (PontederiaceaB,  Fam.  46). — A  filament  was  fixed  across 
the  ajoex  of  a  moderately  young  leaf,  7i  inches  in  height,  and 
its  movements  were  traced  during  42 i  h.  (see  Fig.  118).  On 
the  first  evening,  when  the  tracing  was  Iwgun,  and  during  the 
night,  the  leaf  descended  considerably.  On  the  next  morning 
it  ascended  in  a  strongly  marked  zij^zag  line,  and  descended 
again  in  the  evening  and  during  the  night.  The  movement, 
therefore,  seems  to  be  periodic,  but  sumo  doubt  is  thrown  on 
this  conclusion,  because  another  leaf,  8  inches  in  height, 
appearing  older  and  standing  more  highly  inclined,  l>ehaved 
differently.    During  the  first  12  h.  it  circumnutated  over  a 


Cmap.  IV.      dBCUMXUTATION  OF  CRYPTOGAMS.        257 

nDall  space,  bat  during  tlie  nigbt  and  the  whole  following  di^ 
it  ascended  in  the  same  general  direction;  the  ascent  being 
effected  by  repeated  up  and  down  well-pronounced  oscillations. 


Cryptogams. 

(34.)  Xephrodium  mUU  (Filices,  Fam.  1). — A  filament  was 
fixed  near  the  apex  of  a  young  frond  of  this  Fern,  17  inches 
in  height,  which  was  not  as  ret  fully  uncurled ;  and  its  more- 
ments  were  traced  during  2^  h.    Wc  see  in  Fig.  119  that  it 

Tig.  119. 


Ntpkrodiwn  molle:  circum nutation  of  rachit,  trnc««l  fram  9.15  A.lL  May 
28th  to  9  A.!!.  29th.     Figure  here  given  two-thirdi  of  original  scale. 

plainly  circumnutated.  The  movement  wa8  not  greatly  magnified 
as  the  frond  was  placed  near  to  the  vertical  glass,  and  would 
probably  have  been  greater  and  more  rapid  had  the  day  been 
warmer.  For  the  plant  was  brought  out  of  a  warm  greenhouse 
and  observed  under  a  skylight,  where  the  temperature  was 
between  15°  and  16®  0.  We  have  seen  in  Chap.  I.  that  a  frond  of 
this  Fern,  as  yet  only  slightly  lobed  and  with  a  rachis  only  '23 
inch  in  height,  plainly  circumnutated.* 


*  Mr.  Loomie  and  Prof.  A^a 
Gray  have  deecribed  0  Botanical 
Gnziette,*  1880,  pp.  27,  43),  an 
extremely  carious  case  of  moTe- 
ment  in  the  fronds,  but  only  in 
the  fruiting  fronds,  oi  Atpleniwn 
trichcmanes.  They  move  almost 
AS  rapidly  m  the  little  leaflets 


of  Desnuidium  gyran*,  altomatoly 
baokwanls  and  Ibrwanls  through 
from  20  to  40  degrees,  in  n  plane  at 
right  angles  to  that  of  the  fn)nd. 
The  apex  of  the  frond  describes  "  a 
long  and  very  narrow  ellipse,*'  so 
that  it  ciroumnutates.  But  the 
movement  differs  from  ordinary 
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Fig.  120. 


In  the  chapter  on  the  Sleep  of  Plants  the  conspicuous  circam<- 
nutation  of  Alarsilea  quaJi  ijoliata  (Marsileaccse,  Fam.  4)  will  be 
described. 

It  has  also  been  shown  in  Chap.  I.  tliat  a  very  young  Selci- 

ghiella  (Lycopodiacese,  Fam.  6),  only  '-l  inch  in  height,  plainly 

circnmnutated ;  we  may  therefore  conclude  that  older  plants, 

whilst  growing,  would  do  the  same. 

(35.)  Luntdaria  vulgaris  (HepaticaB,  Fam.   11,  Muscales). — 

The  earth  in  an  old  flower-pot  was 
coale<^l  with  this  plant,  bearing 
gcmnirc.  A  highly  inclined  frond, 
which  projected  3  inch  above  the 
soil  and  was  4  inch  in  breadth,  was 
selected  for  ol  nervation.  A  glass 
hair  of  extreme  tenuity,  75  inch 
in  length,  with  its  end  w^hitened, 
was  cemented  with  shclhic  to  the 
frond  at  right  angles  to  its  breadth ; 
and  a  white  stick  with  a  minute 
black  spot  was  driven  into  the  soil 
close  behind  the  end  of  the  hair. 
The  white  end  could  Ix)  accurately 
brought  into  a  line  with  the  black 
spot,  and  dots  could  thus  1)6  suc- 
cessively made  on  the  vertical 
glass-plate  in  front.  Any  move- 
ment of  the  frond  would  of  course 
Ix)  exhibited  and  increased  by  the 
long  gloss  hair ;  and  the  black  spot 
was  placed  so  close  Ixjhind  the  end 
of  the  hair,  r(»lative'y  to  the  dis- 
tance of  the  g'as.'!»-])late  in  front, 
that  the  movement  of  the  end  was 
magnified  alx)ut  40  times.  Never- 
theless, we  are  convinced  that  our 


\ 


F.nnul'iria  rufff  trvt:  circi'.mnutri- 
tion  of  a  frond,  traccl   from 

9  A.M.  Oct  2r>th  to  8  A.M.  27th.    tracing  gives  a  fairly  faithful  re- 

presentition  of  the  movements  of 
the  frond.  In  the  intervals  between  each  observation,  the  plant 
was  covered  by  a  small  bell-glass.    The  frond,  as  already  stated, 


pironmniitntion  as  it  oociirB  only 
whf'Ti  the  plant  is  oxfviiied  to  the 
light;    oven   nrtiflniul   li^ht   **  i« 


sufflnicnt  to  excito  motion  for  i 
few  minutes." 
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was  highly  inclined,  and  the  pot  stood  in  front  of  a  north-east 
window.  During  the  five  first  days  the  fixmd  move<l  downwanis 
or  became  less  inclined;  and  the  long  line  which  was  traced 
was  strongly  zigzag,  with  loips  occasionally  forraotl  or  nearly 
formed;  and  this  indicated  circTimnutition.  Whether  the  {link- 
ing was  due  to  epinastic  growth,  or  apheliofropism.  we  do  not 
know.  As  the  sinking  was  slight  on  the  fifth  day.  a  new  tracing 
was  begun  on  the  sixth  day  (Oct.  *Jjth),  and  wjis  continucil 
for  47  b. ;  it  is  here  given  (Fig.  1*20).  Another  tricing  was  maile 
on  the  next  day  (27th)  and  the  frund  was  found  to  I'C  still  cir- 
cumnutating,  for  during  14  h.  30  m.  it  changed  its  course  com- 
pletely (besides  minor  changes)  10  times.  It  was  casually 
observed  for  two  more  days,  and  was  see:i  to  l)e  continually 
moTiDg. 

The  lowest  meralxjrs  of  the  vegetable  series,  the  Thallogens, 
apparently  circumnutate.  If  an  Oscillaria  l>e  watched  under 
the  micro?co]ie,  it  may  be  Feen  to  describe  circles  about  every 
40  seconds.  After  it  has  lx?ut  to  one  side,  the  tip  first  begins 
to  bend  back  to  the  opposite  side  and  then  the  whole  filament 
curvts  over  in  the  same  direction.  Hofmeister*  has  given  a 
minute  account  of  the  curious,  but  less  regular  though  constant, 
movements  of  Spirogyra:  during  2jr  h.  the  filament  moved  4 
times  to  the  left  and  3  times  to  the  right,  and  he  refers  to  a 
movement  at  right  angles  to  the  al)ove.  The  tip  moved  at  the 
rate  of  about  0*1  mm.  in  five  minutes.  He  coniimres  the  move- 
ment with  the  nutation  of  the  higher  plants.f  AVc  shall  hereafter 
see  that  heliotropic  movements  result  from  mollified  circuui- 
nntation,  and  as  unicellular  Moulds  bond  to  the  light  wo  may 
infer  that  they  also  circunmutatc. 

Concluding  Remarks  on  the  Cikcumnutation 

OF  Leaves. 

The  circumnutatiii":  movements  of  voniif!:  leaves  in 
33  genera,  belonging  to  25  families,  widely  distributed 


•  *Ueber  die  BewcgiiTigon  der  1880.  vr.l.  iii.    p.  820)    that   i\ui 

Faden    der  Sf4rogyra    j>riucei>»:  inovenienta  of  Spirulina,  a  mem> 

Jahresheftn  des  Vereins  liir  vater-  her  of  the  Oiscillatorieie,  are  closely 

lanHiscbe  Naturkunde  iu   Wiirt-  aTinlo^^roua   "  to   tlio    wrll-known 

temberjr,' 1874,  p.  211.  rotation   of  growing  shoots  and 

t  Zuknlalao  remarks  (as  quote<l  teiidr.lb.'* 
ui  •Journal  R.  Mii-roscop.  Soo./ 
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amongst  ordinary  and  gymnospcrmous  Dicotyledons 
and  amongst  Monocotyledons,  together  with  several 
Cryptogams,  have  now  been  described.  It  would, 
therefore,  not  be  rash  to  assume  that  the  growing 
leaves  of  all  plants  circumnutate,  as  we  nave  seen 
reason  to  conclude  is  the  case  with  cotyledons.  The 
seat  of  movement  generally  lies  in  the  petiole,  but 
sometimes  both  in  the  petiole  and  blade,  or  in  the 
blade  alone.  The  extent  of  the  movement  differed  much 
in  different  plants ;  but  the  distance  passed  over  was 
never  great,  except  with  Pistia,  which  ought  perhaps 
to  have  been  included  amongst  sleeping  plants.  The 
angular  movement  of  the  leaves  was  only  occasionally 
measured ;  it  commonly  varied  from  only  2^  (and  pro- 
bably even  less  in  some  instances)  to  about  10°;  but 
it  amounted  to  23°  in  the  common  bean.  The  move- 
ment is  chiefly  in  a  vertical  plane,  but  as  the  ascending 
and  descending  lines  never  coincided,  there  was  always 
some  lateral  movement,  and  thus  irregular  ellipses 
were  formed.  The  movement,  therefore,  deserves  to 
be  called  one  of  circumnutation ;  for  all  circumnuta- 
ting  organs  tend  to  describe  ellipses, — that  is,  gro\i'th 
on  one  side  is  succeeded  by  growth  on  nearly  but  not 
(luite  the  opposite  side.  The  ellipses,  or  the  zigzag 
lines  representing  drawn-out  ellipses,  are  generally 
very  narrow ;  yet  with  the  Camellia,  their  minor  axes 
were  half  as  long,  and  with  the  Eucalyptus  more  than 
half  as  long  as  their  major  axes.  In  the  case  of  Cissus, 
parts  of  the  figure  more  nearly  represented  circles  than 
ellipses.  The  amount  of  lateral  movement  is  therefore 
Kometimcs  considerable.  Moreover,  the  longer  axes 
'jf  the  successively  formed  ellipses  (as  with  the  Bean, 
Cissus,  and  Sea-kale),  and  in  several  instances  the 
zigzag  lines  representing  ellipses,  were  extended  in 
very  different  directions  during  the  same  day  or  on 
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the  next  day.  The  course  fulloweii  was  cunilinear  or 
straight,  or  siighilj'  or  strongly  zigzag,  and  little  loops 
or  triangles  were  often  fornieJ.  A  single  Ui^e  irregular 
ellipse  may  be  described  on  one  ilay,  and  two  smaller 
ones  by  the  same  plant  on  the  next  day.  With  Drosera 
two,  and  with  Lupinus,  EucalyptiLS  and  rancrsttum, 
several  were  formed  each  day. 

The  oscillatory  and  jerking  moTements  of  tlie  leaves 
of  Dionasa,  which  resemble  those  of  the  hypocotyl  of 
the  cabbage,  are  highly  remarkable,  as  seen  under  the 
microscope.  They  continue  night  and  day  for  some 
months,  and  are  displayed  by  young  unespanded  leaves, 
and  by  old  ones  nhich  have  lost  their  sensibility  to  a 
touch,  but  which,  after  absorbing  animal  matter,  close 
their  lobes.  We  shall  hereafter  meet  with  the  same 
kind  of  movement  in  the  joints  of  certain  Graminefe, 
and  it  is  probably  commou  to  many  plants  while  cir- 
cumnutating.  It  is,  therefore,  a  strange  fact  that  no 
such  movement  could  be  detected  in  the  tentacles  of 
Drosera  rotundifoUa,  though  a  member  of  the  same 
family  with  Uioniea  ;  yet  the  tentacle  which  was  ob- 
served was  so  sensitive,  that  it  began  to  curl  inwards 
in  23  seconds  after  being  touched  by  a  bit  of  raw  meat. 

One  of  the  most  interesting  facts  with  respect  to 
(he  circumnutatiun  of  leaves  is  the  periodicity  of  their 
movements;  for  they  often,  or  even  generally,  rise  a 
litllo  in  the  evening  and  early  part  of  the  night,  and 
sink  again  un  the  following  morning.  Exactly  the 
same  phenomenon  was  observed  in  the  case  of  coty- 
ledons. The  leaves  in  Iti  genera  out  of  the  83  which 
were  observed  behaved  in  this  manner,  as  did  probably 
2  others.  Nor  must  it  be  supposed  that  in  the  remain- 
ing 15  genera  there  was  no  periodicity  in  their  move- 
o-mts;  for  6  of  them  were  observed  during  too  short 
f   period  for  any  judgment  to  be  formed  on  this  head 
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and  3  were  so  young  that  their  epinastic  growth 
which  serves  to  bring  them  down  into  a  horizontal 
position,  overj^owered  every  other  kind  of  movement. 
In  only  one  genus,  Cannabis,  did  the  leaves  sink  in 
the  evening,  and  Kraus  attributes  this  movement  to 
the  prepotency  of  their  epinastic  growth.  That  the 
periodicity  is  determined  by  the  daily  alternations 
of  light  and  darkness  there  can  hardly  be  a  doubt,  as 
will  hereafter  be  shown.  Insectivorous  plants  are 
very  little  affected,  as  far  as  their  movements  are  con- 
cerned, by  light ;  and  hence  probably  it  is  that  their 
leaves,  at  least  in  the  cases  of  Sarraeenia,  Drosera,  and 
Diona?a,  do  not  move  periodically.  The  upward  move- 
ment in  the  evening  is  at  first  slow,  and  with  different 
plants  begins  at  very  different  hours ; — with  Glaucium 
as  early  as  11  a.m.,  commonly  between  3  and  5  p.m., 
but  sometimes  as  late  as  7  p.m.  It  should  be  observed 
that  none  of  the  leaves  described  in  this  chapter 
(except,  as  we  believe,  those  of  Lupimis  speciosus) 
possess  a  pulvinus;  for  the  periodical  movements  of 
leaves  thus  provided  have  generally  been  amplified 
into  so-called  sleep-movements,  with  which  we  are  not 
here  concerned.  The  fact  of  leaves  and  cotyledons 
frequently,  or  even  generally,  rising  a  little  in  the 
evening  and  sinking  in  the  morning,  is  of  interest  as 
giving  the  foundation  from  which  the  specialised  sleep- 
movements  of  many  leaves  and  cotyledons,  not  pro- 
vided with  a  pulvinus,  have  been  developed.  The 
above  periodicity  should  be  kept  in  mind,  by  any  one 
considering  the  problem  of  the  horizontal  position  of 
leaves  and  cotyledons  during  the  day,  whilst  illumi- 
nated from  above. 
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CHAPTER  V. 

UODUiED  CiBcniNrTATioN' :   CuYBiXG  Plan  s  :   EriXAsnc  asd 

HirONASTlC    MOVEIIIXTS, 

CiicumnutatioD  modifiel  thn  a.;h  innate  causes  or  tlirough  the  nctiou 
of  extenml  coDditiv^us — Innate  caiu>ed—CiiuibiDg  plants;  :»iuiilariiy 
of  tbeir  xoovemiDtd  miiL  iL^ve  of  oniinary  plants;  increased  ampli- 
tude; ooc*aaional  i^o-cta  of  difference— Ep:!iast;c  iirowtli  of  youncr 

•  lemTes — Hyponastic  growth  »•!  the  h\  p^^t\l:j  and  epii-otjrls  i»f  see^i- 
liuga — Hooked  tips  of  ciimi'in<;  and  o:ht-r  pLtnta  due  to  uKxlilied 
circumnatatioo  —  Ainf«elop&i8  tiicu>pid.»ta  —  Smithia  rfundii  — 
StraighteuiDg  of  the  lip  due  to  ii}|>>nflsty — Epina^ic  growth  and 
circumDatation  of  the  d  •vM.-r-i>cviuucKs  i>f  Trifuliuni  re^tend  and 
Oxnlis  camo&a. 

The  radicles,  hypoeutyls  and  epicotyls  of  seedling 
plants,  even  before  they  emerge  from  the  gn>und,  and 
aftervtards  the  eotvledons,  are  all  eontiniiallv  eircuui- 
nutating.  So  it  is  with  the  stems,  stolons,  flower- 
peduncles,  and  leaves  of  older  pLints.  We  may,  there- 
fore, infer  with  a  considerable  deirree  of  safetv  that  all 
the  growing  parts  of  all  plants  circumnutate.  Although 
this  movement,  in  its  ordinary  or  unmodified  state, 
appears  in  some  cases  to  be  of  service  to  plants, 
either  directly  or  indirectly — for  instance,  the  circuni- 
nutation  of  the  radicle  in  penetrating  the  ground,  or 
that  of  the  arched  hypocotyl  and  ejiicotyl  in  breaking 
through  the  surface — yet  circumnutation  is  so  genenil, 
or  rather  so  universiil  a  phenomenon,  that  we  cannot 
suppose  it  to  have  been  gained  for  any  special  pur- 
pose. We  must  believe  that  it  follows  in  some  un- 
known way  from  the  manner  in  w  hich  vegetable  tissues 
grow. 
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We  shall  now  consider  the  many  cases  in  which 
circumnutation  has  been  modified  for  various  special 
purposes ;  that  is,  a  movement  already  in  progress  is 
temporarily  increased  in  some  one  direction,  and  tem- 
porarily diminished  or  quite  arrested  in  other  direc- 
tions. These  cases  may  be  divided  in  two  sub-classes; 
in  one  of  which  the  modification  depends  on  innate  or 
constitutional  causes,  and  is  independent  of  external 
conditions,  excepting  in  so  far  that  the  proper  ones  for 
growth  must  be  present.  In  the  second  sub-class  the 
modification  depends  to  a  large  extent  on  external 
agencies,  such  as  the  daily  alternations  of  light  and 
darkness,  or  light  alone,  temperature,  or  the  attraction 
of  gravity.  The  first  small  sub-class  will  be  considered 
m  the  present  chapter,  and  the  second  sub-class  in  the 
remainder  of  this  volume. 


The  Circumnutation  of  Climbing  Plants. 

The  simplest  case  of  modified  circumnutation  is  that 
offered  by  climbing  plants,  with  the  exception  of 
those  which  climb  by  the  aid  of  motionless  hooks  or 
of  rootlets :  for  the  modification  consists  chiefly  in  the 
greatly  increased  amplitude  of  the  movement.  This 
would  follow  either  from  greatly  increased  growth  over 
a  small  length,  or  more  probably  from  moderately  in- 
creased growth  spread  over  a  considerable  length  of  the 
moving  organ,  preceded  by  turgescence,  and  acting  suc- 
cessively on  all  sides.  The  circumnutation  of  climbers 
is  more  regular  than  that  of  ordinary  plants;  but  in 
almost  every  other  respect  there  is  a  close  similarity 
between  their  movements,  namely,  in  their  tendency 
to  describe  ellipses  directed  successively  to  all  points 
of  the  compass — in  their  courses  being  often  inter- 
rupted  oy  zigzag    lines,  triangles,  loops,   or   small 
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ellipses — in  the  rate  of  movement,  and  in  clifferent 
species  reTolying  once  or  several  times  within  the  same 
length  of  time.  In  the  same  intemodey  the  move- 
ments cease  first  in  the  lower  part  and  then  slowly 
upwards.  In  both  sets  of  cases  the  movement  mav  bo 
modified  in  a  closely  analogous  manner  by  geotropism 
and  by  heliotropism ;  though  few  climbing  plants  are 
aeliotropic.  Other  points  of  similarity  might  be 
pointed  out. 

That  the  movements  of  climbing  plants  consist  of 
ordinary  circumnutation,  modified  by  being  increased 
in  amplitude,  is  well  exhibited  whilst  the  plants  are 
very  young ;  for  at  this  early  age  they  move  like  other 
seedlings,  but  as  they  grow  older  their  movements 
gradually  increase  without  undergoing  any  other 
change.  That  this  power  is  innate,  and  is  not  excited 
by  any  external  agencies,  beyond  those  necessary  for 
growth  and  vigour,  is  obvious.  No  one  doubts  that 
this  power  has  been  gained  for  the  sake  of  enabling 
climbing  plants  to  ascend  to  a  height,  and  thus  to 
reach  the  light.  This  is  effected  by  two  very  different 
methods;  first,  by  twining  spirally  round  a  support 
but  to  do  so  their  stems  must  be  long  and  flexible ; 
and,  secondly,  in  the  case  of  leaf-climbers  and  tendril- 
bearers,  by  bringing  these  organs  into  contact  with  a 
support,  which  is  then  seized  by  the  aid  of  their 
sensitiveness.  It  may  be  here  remarked  that  these 
latter  movements  have  no  relation,  as  far  as  we  can 
judge,  with  circumnutation.  In  other  cases  the  tips 
of  tendrils,  after  having  been  brought  into  contact  with 
a  support,  become  developed  into  little  discs  which 
adhere  firmly  to  it. 

We  have  said  that  the  circumnutation  of  climbing 
plants  differs  from  that  oi  ordinary  plants  chiefly  by 
its  greater  amplitude.     But  most  leaves  circumnutate 
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in  an  almost  Tertical  plane,  and  therefore  describe  very 
narrow  ellipses,  whereas  the  many  kinds  of  tendriig 
which  consist  of  metamorphosed  loaves,  make  much 
broader  ellipses  or  nearly  circuhir  figures;  and  thus 
they  have  a  far  better  chance  of  catching  hold  of  a 
support  on  any  side.  The  movements  of  climbing 
plants  have  also  been  modified  in  some  few  other 
special  ways.  Thus  the  circumnutating  stems  of  Sol- 
nanum  dulcamara  can  twine  round  a  support  only 
when  this  is  as  thin  and  flexible  as  a  string  or  thread. 
The  twining  stems  of  several  British  plants  cannot 
twine  round  a  support  when  it  is  more  than  a  few 
inches  in  thickness;  whilst  in  tropical  forests  some 
can  embrace  thick  trunks  ;*  and  this  great  diflerence 
in  power  depends  on  some  unknown  difference  in 
their  manner  of  circumnutation.  The  most  remarkable 
special  modification  of  this  movement  which  we  have 
observed  is  in  the  tendrils  of  Echinoci/stis  lohata  ;  these 
are  usually  inclined  at  about  45^  above  the  horizon, 
but  they  stiffen  and  straighten  themselves  so  as  to 
stand  upright  in  a  part  of  their  circular  course,  namely, 
when  they  approach  and  have  to  pass  over  the  summit 
of  the  shoot  from  which  they  arise.  If  they  hetd  not 
possessed  and  exercised  this  curious  power,  they  would 
infallibly  have  struck  against  the  summit  of  the  shoot 
and  been  arreste;!  in  their  course.  As  soon  as  one  of 
these  tendrils  with  its  three  branches  begins  to  stiffen 
itself  and  rise  up  vertically,  the  jevolving  motion 
becomes  more  rapid;  and  as  soon  as  it  has  passed 
over  the  point  of  difficulty,  its  notion  coinciding 
with  that  from  its  own  weight,  causes  it  to  fall  into  its 
previously  inclined  position  so  quickly,  that  the  apex 
can  be  seen  travelling  like  the  hand  of  a  gigantic  clock. 


•  \ 
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A  large  number  of  ordinary  leaves  and  leaflets  and 
a  few  flower-peduncles  are  provided  with  pulvini ;  but 
this  is  not  the  case  with  a  single  tendril  at  present 
known.  The  cause  of  this  difference  probably  lies  in 
the  fBWjt,  that  the  chief  service  of  a  pulvinus  is  to 
prolong  the  movement  of  the  part  thus  provided  after 
growth  has  ceased ;  and  as  tendrils  or  other  climbing- 
organs  are  of  use  only  whilst  the  plant  is  increasing 
in  height  or  growing,  a  pulvinus  which  served  to 
prolong  their  movements  would  be  useless. 

It  was  shown  in  the  last  chapter  that  the  stolons  or 
runners  of  certain  plants  circumnutate  largely,  and 
that  this  movement  apparently  aids  them  in  finding  a 
passage  between  the  crowded  stems  of  adjoining  plants. 
If  it  could  be  proved  that  their  movements  had  been 
modified  and  increased  for  this  special  purpose,  they 
ought  to  have  been  included  in  the  present  chapter ; 
but  as  the  amplitude  of  their  revolutions  is  not  so 
conspicuously  different  from  that  of  ordinary  plants, 
as  in  the  case  of  climbers,  we  have  no  evidence  on 
this  head.  We  encounter  the  same  doubt  in  the  case 
of  some  plants  which  bury  their  pods  in  the  ground. 
This  burying  process  is  certainly  favoured  by  the 
circumnutation  of  the  flower-peduncle ;  but  we  do  not 
know  whether  it  has  been  increased  for  this  special 
purpose. 

Epinasty— Hyponasty. 

The  term  epinasty  is  used  by  De  Vries*  to  express 
greater  longitudinal   growth   along   the   upper   than 


•  *Arbciten    dcs    Bot.     Inst.,  two  torms  as  first  used  by  Schim- 

in  Wiirzburg/  Heftii.  1872,  p.  228.  per,  and  tley  have  been  adopted 

Oe  Vries  £»«  slightly  modifie<l  in  this  sense  by  Sachs. 
(p.  252  j  the  menning  of  the  aboTC 
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along  the  lower  side  of  a  part,  which  is  thiis  caused  to 
bend  downwards;  and  hyponasty  is  used  for  the  reversed 
process,  by  which  the  part  is  made  to  bend  upwards. 
These  actions  come  into  play  so  frequently  that  the 
use  of  the  above  two  terms  is  highly  convenient.  The 
movements  thus  induced  result  from  a  modified  form 
of  circumnutation ;  for,  as  we  shall  immediately  see, 
an  organ  under  the  influence  of  epinasty  does  not 
generally  move  in  a  straight  line  downwards,  or  under 
that  of  hyponasty  upwards,  but  oscillates  up  and  down 
with  some  lateral  movement :  it  moves,  however,  in  a 
preponderant  manner  in  one  direction.  This  shows 
that  there  is  some  growth  on  all  sides  of  the  part,  but 
more  on  the  upper  side  in  the  case  of  epinasty,  and 
more  on  the  lower  side  in  that  of  hyponasty,  than  on 
the  other  sides.  At  the  same  time  there  may  be  in 
addition,  as  De  Vries  insists,  increased  growth  on  one 
side  due  to  gcotropism,  and  on  another  side  due  to 
heliotropism ;  and  thus  the  effects  of  epinasty  or  of 
hyponasty  may  be  either  increased  or  lessened. 

He  who  likes,  may  speak  of  ordinary  circumnutation 
as  being  combined  with  epinasty,  hyponasty,  the  effects 
of  gravitation,  light,  &c. ;  but  it  seems  to  us,  from 
reasons  hereafter  to  be  given,  to  be  more  correct  to 
say  that  circumnutation  is  modified  by  these  several 
agencies.  We  will  therefore  speak  of  circumnutation, 
which  is  always  in  progress,  as  modified  by  epinasty, 
hyponasty,  geotropism,  or  other  agencies,  whether 
internal  or  external. 

One  of  the  coiimioncst  and  simplest  cases  of  epinasty  is  that 
offered  by  leaves,  wluch  at  an  early  age  are  crowded  together 
round  the  huds,  and  diverge  as  they  grow  older.  Sachs  first 
remarked  that  this  was  due  to  increased  growth  along  the  uppe** 
side  of  the  petiole  and  blade ;  and  De  Vries  has  now  shown  in 
more  detail  that  the  movement  is  thus  caused,  aided  sUgbtj^  ^.y 
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tlie  weight  of  the  lemf,  and  resisted  as  he  believes  by  SLpofXo- 
tropism,  at  least  after  the  leaf  has  somewhat  diverged.  In  our 
observations  on  the  circmnnntation  of  leaves,  some  were  selected 
which  were  rather  too  young,  so  that  they  continued  to  diverge 
or  sink  downwards  whilst  their  movements  were  l«eing  traoeil. 
This  may  be  seen  in  the  diagrams  (Figs.  ^8  and  ir2,  i>p.  232 
and  249)  representing  the  circumnutation  of  the  young  leaves  ot 
Acatithns  mi-iiU  and  l'*^ht>gohinm  zouaU.  Similar  cai^es  were  ol>- 
senred  with  Drosera.  The  movements  of  a  young  leaf,  only  I  inch 
in  length,  of  Petuttpt  vitJa<ra  were  traced  during  four  days,  and 
offers  a  better  instance  (Fig.  Ill,  p.  248),  as  it  diverged  during 
the  whole  of  this  time  in  a  curiously  zigzag  line  with  some  of  the 
angles  sharply  acute,  and  during  the  latter  days  plainly  circum- 
nutated.  Some  young  leaves  of  alx)ut  the  same  age  on  a  plant 
of  this  Petunia,  which  had  been  laid  horizontally,  and  on  another 
plant  which  was  left  upright,  both  being  kept  in  complete  dark- 
ness, diverged  in  the  same  manner  for  48  h.,  and  ap|xirently 
were  not  affected  by  apogeotropism ;  though  tlieir  stems  were  in 
a  state  of  high  tension,  for  when  freed  from  the  sticks  to  which 
they  had  been  tied,  they  instantly  curlcil  upwanls 

The  leaves,  whilst  very  young,  on  the  leading  shoots  of  the 
Carnation  (  Dianthus  mryophyllus)  are  highly  inclined  or  vertical ; 
and  if  the  plant  is  growing  vigorously  they  diverge  so  quickly 
that  they  become  almost  horizontal  in  a  day.  But  they  move 
downwards  in  a  rather  oblique  lino  and  continue  for  some  time 
afterwards  to  move  in  the  same  dirt^ction,  in  connection,  we  pre- 
sume, with  their  spiral  arrangement  on  the  stem.  The  course 
pursued  by  a  young  leaf  whilst  thus  obli(iiiely  descending  was 
traced,  and  the  line  was  distinctly  yet  not  strongly  zigzag ;  the 
larger  angles  formed  by  the  successive  lines  amounting  only  to 
135*^,  154°,  and  163°.  The  subse<iuent  lateral  movement  (shown 
in  Fig.  96,  p.  231;  was  strongly  zigzag  with  occasional  circum- 
nutationa  The  divergence  and  sinking  of  the  young  leaves 
of  this  plant  seem  to  be  very  little  affected  by  geotropism  or 
heliotropism ;  for  a  plant,  the  leaves  of  which  were  growing 
rather  slowly  (as  ascertained  by  measurement)  was  laid  hori- 
eontally,  and  the  opposite  young  leaves  diverged  from  one 
another  symmetrically  in  the  usual  manner,  without  any  up- 
turning in  the  direction  of  gravitation  or  towards  the  light. 

The  needle-like  leaves  of  Pinus  pinasfer  form  a  bundle  whilst 
young ;  afterwards  they  slowly  diverge,  so  that  those  on  the  up- 
right shoots  l)ecome  horizontal.     Tlie  n.ovemenfs  of  one  such 
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young  leaf  was  traced  duriug  4^  days,  and  Uie  tracing  here  giYcn 
(Fig.  121)  shows  that  it  descended  at  first  in  a  nearly  straight 

line,  but  afterwards  zigzagged, 


Kig.  121. 


PiH%tu  ^*»^5^-''•.•  epinastic  tl<»wiiward 
move  fit!  ent  of  a  young  lonf,  pro- 
duced by  A  younsj  plant  in  a  pot, 
trace*!  on  •  vertical  ginss  under  a 
sKTiight,  from  t>.4')  a.m.  June  2nd 
to'l0.40  P.M.  6th. 


making  one  or  two  little  loops. 
The  diverging  and  descend- 
ing movements  of  a  rather 
older  leaf  were  also  traced 
(see  former  Fig.  113,  p.  251) : 
it  descended  during  the  first 
day  and  night  in  a  some- 
what zigzag  line ;  it  then  cir- 
cumnutated  round  a  small 
space  and  again  descended. 
By  this  time  the  leaf  had 
nearly  assumed  its  final  posi- 
tion, and  now  plainly  circum- 
nutated.  As  in  the  case  of  the 
Carnation,  the  leaves,  whilst 
very  yoimg,  do  not  seem  to  be 
much  affected  by  geotropism 
or  heliotropism,  for  those  on  a 
young  plant  laid  horizontally, 
and  those  on  another  plant 
left  upright,  both  kept  in  the 
dark,  continued  to  diverge  in 
the  usual  manner  without 
bending  to  eitlier  side. 

With  Cobcea  scandens,  the 
young  leaves,  as  they  succes- 
sively diverge  from  the  lead- 
ing shoot  which  is  bent  to 
one  side,  rise  up  so  as  to  pro- 
jort  vertically,  and  they  retain 
this  position  for  some  time 
wliilst  the  tendril  is  revolving. 
The  diverging  and  ascending 
movements  of  the  petiole  of 
one  such  a  leaf,  were  traced  on 
a  vertical  glass  under  a  sky- 
light ;  and  the  course  pursued 
was  in  most  irnrts  nearly 
straight,  but  there  were  twc 
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well-marked  zigzags  (one  of  them  fonning  an  angle  of  112°), 
and  this  indicates  circunmntation. 

The  still  closed  lobes  of  a  young  leaf  of  Diontea  projected  at 
right  angles  to  the  petiole,  and  were  in  the  act  of  slowly  rising. 
A  glass  filament  was  attached  to  the  under  side  of  the  midrib, 
and  its  movements  were  traced  on  a  vertical  glass.  It  circum- 
liutated  once  in  the  evening,  and  on  the  next  day  rose,  Jis  already 
described  (see  Fig.  106,  p.  240),  by  a  numlier  of  acutely  zigzag 
lines,  closely  approaching  in  character  to  ellipses.  This  move- 
ment no  doubt  was  due  to  epinasty,  aided  by  apogeotropism, 
for  the  closed  lobes  of  a  very  young  leaf  on  a  plant  which  had 
been  placed  horizontally,  moved  into  nearly  the  same  line  with 
the  petiole,  as  if  tlie  plant  had  stood  upright ;  but  at  the  same 
time  the  lobes  curved  laterally  upwards,  and  thus  occupied  an 
onoatxiral  position,  obliquely  to  the  plane  of  the  foliaceous  petiole. 

As  the  hyi)ocotyls  and  epicotyls  of  some  plants  protrude  from 
the  seed-coats  in  an  arched  form,  it  is  doubtful  whether  the 
arching  of  these  parts,  which  is  invariably  present  when  they 
break  through  the  ground,  ought  alwajs  to  lie  attributed  to 
epinasty;  but  when  they  are  at  first  straight  and  afterwards 
become  arched,  as  often  happens,  the  arching  is  certainly  due  to 
epinasty.  As  long  as  the  arch  is  surrounded  by  compact  earth 
it  must  retain  its  form;  but  as  soon  as  it  rises  above  the 
Borfaoe,  or  even  before  this  period  if  artificially  freed  from  the 
surrounding  pressure,  it  begins  to  straighten  itself,  and  this  no 
doubt  is  mainly  due  to  hyponasty.  The  movement  of  the 
upper  and  lower  half  of  the  arch,  and  of  the  crown,  was  occa- 
sionally traced ;  and  the  course  was  more  or  less  zigzag,  showing 
modified  circumnutation. 

With  not  a  few  plants,  especially  climbers,  the  summit  of  the 
shoot  is  hooked,  so  that  the  apex  points  vertically  downwards. 
In  seven  genera  of  twining  plants  *  the  hooking,  eras  it  has  Ixien 
called  by  Sachs,  the  nutation  of  the  tip,  is  mainly  due  to  an 
exaggerated  form  of  circumnutation.  Triat  is,  the  growth  is  so 
great  along  one  side  that  it  Ixiuda  the  shoot  completely  over  to 
the  opposite  side,  thus  forming  a  hook;  the  longitudinal  line  or 
zone  of  growth  then  travels  a  little  laterally  round  the  shoot, 
and  the  hook  points  in  a  sliglitly  different  direction,  and  so 
onwards  until  the  hook  is  completely  reversed.    Ultimately  it 


*  The  Movements  and  Habits  of  ClimbiDg  Plants,*  2n(l  ertit.  p.  18. 


272  MODIFIED  CIRCUMNUTATION.  Cilip.  Y. 

comes  back  to  the  point  whence  it  startod.  This  was  ascertaiDcd 
by  painting  narrow  lines  with  Indian  ink  along  the  convex 
surface  of  several  hooks,  and  the  line  was  found  slowly  to  bo- 
come  at  first  lateral,  then  to  appear  along  the  concave  surface, 
and  ultimately  back  again  on  the  convex  surface.  In  the  case  of 
lA)nicfra  biachypoda  the  hooked  terminal  part  of  the  revolving 
shoot  straightens  itself  periodically,  but  is  never  reversed ;  that 
is,  the  periodic^illy  increased  growth  of  tlie  concave  side  of  the 
hook  is  sufficient  only  to  straighten  it,  and  not  to  bend  it  over 
to  ihe  opposite  side.  The  hooking  of  the  tip  is  of  service  to 
twining  plants  by  aiding  them  to  catch  hold  of  a  support,  and 
afterwards  by  enabling  this  part  to  embrace  the  support  much 
more  closely  than  it  could  otherwise  have  done  at  first,  thus 
preventing  it,  as  we  often  observed,  from  being  blown  away  by  a 
strong  wind.  Whether  the  advantage  thus  gained  by  twining 
plants  accounts  for  their  summits  being  so  frequently  hooked, 
we  do  not  know,  as  this  structure  is  not  very  rare  with  plants 
w^hich  do  not  climb,  and  with  some  climbers  (for  instance,  Vitis, 
Ampelopsis,  Cissus,  &c.)  to  whom  it  does  not  afford  any  assist- 
ance in  climbing. 

With  respect  to  those  cases  in  which  the  tip  remains  always 
bent  or  hooked  towanls  the  same  side,  as  in  the  genera  just 
named,  the  most  obvious  explanation  is  that  the  bending  is  due 
to  continued  growth  in  excess  along  the  convex  side,  Wiesner, 
however,  maintains  *  that  in  all  cases  the  hooking  of  the  tip  is 
the  result  of  its  plasticity  and  weight, — ^a  conclusion  which  from 
what  we  Imve  already  seen  with  several  climbing  plants  is 
certainly  erroneous.  Nevertheless,  we  fully  admit  that  the 
weight  of  the  part,  as  well  as  geotropism,  Ac,  sometimes  como 
into  play. 

Amptlopsis  tiicufpitiafa- — This  plant  climbs  by  the  aid  of 
adhesive  tendrils,  and  the  hooked  tips  of  the  shoots  do  not 
appear  to  be  of  any  service  to  it  The  hooking  depends  chiefly, 
as  far  as  we  could  ascertain,  on  the  tip  being  affected  by  epinasty 
and  geotropism ;  the  lower  and  older  parts  continually  straight- 
ening themselves  through  hyponasty  and  apogeotropism.  We 
Ix'lieve  that  the  weight  of  the  apex  is  an  unimportant  element, 
Ixicause  on  horizontal  or  inclined  shoots  the  hook  is  often 
extended  horizontally  or  even  faces  upwards.  Moreover  shoots 
frequently  form  loops  instead  of  hooks;  and  in  this  case  the 
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extreme  put.  insteid  of  haog- 
ing  Terttcallj  dovn  as  would 
follow  if  weight  wm&  the  efficient 
cause,  extends  horizontslly  or 
even  points  upwards.  A  shoot, 
which  terminated  in  a  rather 
open  houk,  was  fastened  in 
a  highly  inclined  downward 
position,  80  that  the  concare 
side  fMced  upwards,  and  the 
result  was  that  the  apex  at  first 
cuxred  upwards.  This  ap- 
parently was  due  to  epinastj 
and  not  to  apogeotropism,  for 
the  apex,  soon  after  passing 
the  perpendicular,  curved  so 
rapidly  downwards  that  we 
could  not  doubt  that  the  move- 
ment was  at  least  aided  by 
geotropisnu  In  the  course  of 
a  few  hours  the  hook  was  thus 
oonyerted  into  a  loop  with  the 
apex  of  the  shoot  pointing 
straight  downwards.  The 
longer  axis  of  the  loop  was  at 
first  horizontal,  but  after- 
wards became  vertical.  During 
this  same  time  the  basal  part 
of  the  hook  (and  subsequently 
of  the  loop)  curved  itself  slowly 
upwards ;  and  this  must  have 
been  wholly  duo  to  apogeo- 
tropism in  opposiiion  to  hypo- 
nasty.  The  loop  was  then 
fastened  upside  down,  so  that 
its  basal  half  would  be  simul- 
taneously acted  on  by  hypo- 
nasty  (if  present)  and  by  apo- 
geotropism ;  and  now  it  curved 
itself  so  greatly  upwards  in 
the  course  of  only  4h.  that 
there  oould  hardly  be  a  doubt 
that  both  forces  were  acting 
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Aihpeloptis  iricttspieldta :  hyp<»DAttio 
movement  of  ho<ikc(l  tip  of  loiiUing 
shoot,  traced  fnnn  8.10  A.M.  Jul? 
13th  to  8  a.m.  l.'ith.  A{)cx  of  Hh<M>t 
54  inchcfl  from  tlie  vertical  glnsk. 
Pladt  illuminateci  through  a  sky- 
light. Temp.  lYJ«-19«>C.  Diagrnm 
reduced  to  ont-third  of  ori^liUkl  viqaI^ 


2U 


BIODIFIED  CIRCUMNUTATION. 


Chap.  V. 


ru/mM^i 


\  r    jCOMk 


^4^itMi.JB 


era^oMiJSf^ 


aji 


nJ2^ 


Smithia  Pfrnvih :  hrpouAstic  movemr-nt 
of  the  curved  summit  of  astern,  wliilst 
straighteniD^  itself,  traced  from  9 
A.M.  July  10th  to  3  P.M.  13th.  Apex 
9|  inches  from  the  vertical  glass. 
Diagram  reduced  to  one-fifth  of 
original  scale.  Plant  illnminated 
thnnigh  .ilrylight ;  temp.  174®-19**  C. 


together.  At  the  saino  time 
the  loop  became  open  and 
was  thus  reconverted  into  a 
hook,  and  this  apparently 
was  effected  by  the  geotropio 
movement  of  the  apex  in 
opposition  to  epinnsty.  In 
the  case  of  Am/elopsis  hede- 
raceOf  weight  plays,  as  far  as 
we  could  judge,  a  more  im- 
I)ortaDt  part  in  the  hooking 
of  the  tip. 

In  order  to  ascertain 
whether  the  shoots  of  A.  iri- 
cuspidtta  in  straightening 
themselves  under  the  com- 
bined action  of  hyponasty  and 
apogeotropism  moved  in  a 
simple  straight  course,  or 
whether  they  circumnutated, 
glass  filaments  were  fixed  to 
tlie  crowns  of  four  hooked 
tips  standing  in  their  natural 
position ;  and  the  movements 
of  the  filaments  were  traced 
on  a  vertical  glass.  All  four 
tracings  resembled  each  other 
in  a  general  manner ;  but  we 
will  give  only  one  (see  Fig. 
122,  p.  273).  The  filament 
rose  at  fii*st,  which  shows 
that  the  hook  was  straighten- 
ing itself;  it  then  zigzagged, 
moving  a  little  to  the  left 
l»etween  9.25  a.m.  and  9  p.m. 
From  this  latter  hour  on  the 
13th  to  10.50  A.M.  on  the  fol- 
lowing morning  (14th)  the 
hook  continued  to  straighten 
itself,  and  then  zigzagged  a 
short  distance  to  the  right 
But  from  1  p.m.  to  10.40  p.m. 
on  the  14th  the  niovement 
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reversed  and  the  shoot  became  more  hookoil.  Durin<; 
the  night,  after  10.40  p.m.  to  8.15  a.m.  on  tlie  loth,  the  hook 
again  opened  or  straightened  itim*lfl  By  this  time  the  glass 
filament  had  become  so  highly  inclined  that  its  movements  could 
no  longer  be  traced  with  aocuracy ;  and  by  1.30  p.m.  on  this  same 
day,  the  crown  of  the  former  arch  or  hook  had  become  perfectly 
straight  and  verticaL  There  can  therefore  be  no  doubt  that  tlie 
■traightening  of  the  hooked  shoot  of  this  plant  is  elTeoteil  by 
the  drcomnntation  of  the  arched  portion — that  is,  by  growth 
alternating  between  the  upper  and  lower  surface,  but  prepon- 
derant on  the  lower  surface,  with  some  little  lateral  movement. 

We  were  enabled  to  trace  the  movement  of  another  straight* 
cning  shoot  for  a  longer  period  (owing  to  its  slower  growth  and 
to  its  having  been  placed  further  from  the  vertical  glass),  namely, 
from  the  early  morning  on  July  13th  to  late  in  the  evening  of  the 
16tlu  During  the  whole  daytime  of  the  14th,  tlie  hook  straight- 
ened itself  very  little,  but  zigzagged  and  plainly  circumnutated 
about  nearly  the  same  spot.  By  the  16th  it  had  become  nearly 
straight,  and  the  tracing  was  no  longer  accurate,  yet  it  was 
manifest  that  there  was  still  a  considerable  amount  of  movemeut 
boih  up  and  down  and  laterally;  for  the  crown  whilst  con- 
tinuing to  straighten  itself  occasionally  became  for  a  short  time 
more  curved,  causing  the  filauient  to  descend  twice  during  tl)6 
day. 

:>miOiia  Pfundii. — The  stiff  terminal  shoots  of  this  Legu- 
minous water-plant  from  Africa  project  so  as  to  make  a  rectanglo 
with  the  stem  below ;  but  this  occurs  only  when  the  plants  are 
growing  vigorously,  for  when  kept  in  a  cool  place,  tho  summits 
of  the  stems  become  straight,  as  they  likewise  did  at  the  close 
of  the  growing  season.  The  direction  of  the  rectangularly  bent 
part  is  independent  of  the  chief  source  of  light.  But  from 
observing  the  effects  of  placing  plants  in  tho  dark,  in  which 
case  several  shoots  Ixicamc  in  two  or  three  days  upright  or  nearly 
upright,  and  when  brouglit  back  into  the  light  again  Invaino 
rectangularly  curved,  we  l)elieve  that  the  Ixindiug  is  in  part 
due  to  apheliotropism,  apparently  somewhat  opiK^sed  by  a]H)^eo- 
tropism.  On  the  otlier  hand,  from  observing  tlie  effects  of  tying 
a  shoot  downwards,  so  that  tho  rectangle  faced  upwards,  wo  aro 
led  to  believe  that  tho  curvature  is  partly  due  to  ej)i nasty.  As 
the  rectangularly  bent  portion  of  an  upright  stem  grows  older, 
tlie  lower  part  straightens  itself;  and  this  is  effected  through 
byponasty.    He  who  has  read  Saclis*  rccont  Essay  on  tlie  vertical 
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and  in/liued  positions  of  the  parts  of  plants*  will  see  how  diffi- 
cult a  subject  this  is,  and  will  feel  no  surprise  at  our  expressing 
ourselves  doubtfully  in  this  and  other  such  coses. 

A  plant,  20  inches  in  height,  was  secured  to  a  stick  close 
beneath  the  curved  summit,  which  formed  rather  less  than  a 
rectangle  with  the  stem  below.  The  shoot  pointed  away  from  the 
observer ;  and  a  glass  filament  pointing  towards  the  vertical  glass 
on  which  the  tracing  was  made,  was  fixed  to  the  convex  surface  of 
the  curved  portion.  Therefore  the  descending  lines  in  the  figure 
represent  the  straightening  of  the  curved  portion  as  it  grew 
older.  The  tracing  (Fig.  123,  p.  274)  was  begun  at  9  a.m.  on 
July  10th ;  the  filament  at  first  moved  but  little  in  a  zigzag  line;, 
but  at  2  P.M.  it  liegan  rising  and  continued  to  do  so  till  9  p.m.  ; 
and  this  proves  that  the  terminal  portion  was  being  more  bent 
downwards.  After  9  p.m.  on  the  10th  an  opposite  movement 
commenced,  and  the  curved  portion  began  to  straighten  itself, 
vnd  this  continued  till  11.10  a.m.  on  the  12th,  but  was  interrupted 
by  some  small  oscillations  and  zigzags,  showing  movement  in 
different  directions.  After  11.10  a.m.  on  the  12th  tliis  part  of 
the  stem,  still  considerably  curved,  circumnutated  in  a  con- 
spicuous manner  until  nearly  3  p.m.  on  the  13th;  but  during  all 
this  time  a  downward  movement  of  the  filament  prevailed, 
caused  by  the  continued  straightening  of  the  stem.  By  the 
afternoon  of  the  13th,  the  summit,  which  had  originally  been 
deflected  more  than  a  right  angle  from  the  perpendicular,  had 
grown  so  nearly  straight  that  the  tracing  could  no  longer  Iw 
continued  on  the  vertical  glass.  There  can  therefore  be  no 
doubt  that  the  straightening  of  the  abruptly  curved  portion  of 
the  growing  stem  of  this  plant,  which  appears  to  be  wholly  due 
to  hyponasty,  is  the  result  of  modified  circumnutation.  We 
will  only  add  that  a  filament  was  fixed  in  a  different  manner 
acrass  the  curved  summit  of  another  i)lant,  and  the  same  general 
kmd  of  movement  was  observed. 

Trifoliam  reptus. — In  many,  but  not  in  all  the  species  of  Tri- 
folium,  as  the  separate  little  flowers  wither,  the  sub-peduncles 
l)end  downwards,  so  as  to  depend  parallel  to  the  upper  part  of 
the  main  peduncle.  In  Tr,  subttrranemn  the  main  peduncle 
curves  downwards  for  the  sake  of  burying  its  capsules,  and  in 
this  species  the  sub-peduncles  of  the  separate  flowers  bend 


•  •  Ueber  Orthotrope  und  Pin-      ten  df-e  Bot.  In^t.,  in  WOnburg;' 
giotmpo  PHanzentheile ;'  *Arbci-      Heft  iL  1879,  p.  226. 
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upwards,  so  as  to  occupy  the  same  position  relatively  to  the 
upper  part  of  the  main  peduncle  as  in  7V.  repeiis.  This  fact 
alone  would  render  it  probable  that  tlie  movements  of  the  sub- 
]ieduncles  in  Tr.  repens  were  independent  of  geotropism.  Newr- 
theless,  to  make  sure,  some  flower-heads  were  tied  to  little  stitks 
upside  down  aud  others  in  a  horizontal  position;  their  sul>- 
peduncles,  however,  all  quickly  curved  upwards  through  the 
fiction  of  heliotropism.  We  therefore  protected  some  flowcr- 
heads,  similarly  secured  to  sticks,  from  the  light,  and  although 
some  of  them  rotted,  many  of  their  sub-peduncles  tiu-ned  very 
slowly  from  their  reversed  or  from  their  horizontal  positions, 
so  as  to  stand  in  the  normal  manner  pamllel  to  the  upper  pari 
of  the  main  peduncle.  These  facts  show  that  the  movement  is 
independent  of  geotropism  or  apheliotropism ;  it  must  there- 
be  attributed  to  epinasty,  which  however  is  ciiecked,  at  least  as 
long  as  the  flowers  are  young,  by  heliotropism.  Most  of  the 
alx)ve  flowers  were  never  fertilised  owing  to  the  exclusion  of 
bees ;  they  consequently  withered  very  slowly,  and  the  movements 
of  the  sub-peduncles  were  in  like  manner  much  retarded. 

To  ascertain  the  nature  of  the  movement  of  the  sub-peduncle, 
whil^t  Ixjndiug  downwards,  a  filament  was  fixed  across  the 
summit  of  the  calyx  of  a  not  fully  expanded  and  almost  upright 
flower,  nearly  in  the  centre  of  the  heud.  The  main  peduncle 
was  secureil  to  a  stick  close  beneath  the  head.  In  order  to  see 
the  marks  on  the  glass  filament,  a  few  flowers  had  to  be  cut 
away  on  the  lower  side  of  the  head.  The  flower  under  obser- 
vation at  first  diverged  a  little  from  its  upright  position,  so  as 
to  occupy  the  open  space  caused  by  the  removal  of  the  adjoining 
flowers.  This  required  two  days,  after  which  time  a  new  tracing 
was  begun  (Fig.  124).  In  A  we  see  the  complex  circumnutating 
course  pursued  from  11.30  a.m.  Aug.  2Gth  to  7  a.m.  on  the 
iJOth.  The  pot  was  then  moved  a  very  little  to  the  right,  and 
the  tracing  (B)  was  continued  without  interruption  from  7  a.m. 
Aug.  30th  to  after  6  p.m.  Sept.  8th.  It  should  be  observed  that 
on  most  of  these  days,  only  a  single  dot  was  made  each  morning 
at  the  same  hour.  Whenever  the  flower  was  observed  carefiilly, 
as  on  Aug.  30tli  and  Sept.  5th  and  6th,  it  was  found  to  1^  cir- 
cumnutating over  a  small  space.  At  last,  on  Sept.  7th,  it 
began  to  l>eiid  downwards,  aud  continued  to  do  so  until  after 
G  P.M.  on  the  8th,  aud  indeed  until  the  morning  of  the  9th,  when 
its  movements  could  no  longer  be  traced  on  the  vertical  glass. 
It  was  carefully  observed  during  the  i^ole  of  the  8th,  and  hj 


Gbat.  T. 


EPINASTY  AND  HYPONASTY. 


279 


10.30  P.SC.  it  had  descended  to  a  point  lower  down  by  two- thirds 
of  the  length  of  the  figure  as  here  given ;  but  from  want  of  space 
the  tracing  haa  been  copieJ  in  B,  only  to  a  little  after  6  p.m.  On 
the  morning  of  the  9th  the  flower  was  withered,  and  the  sub- 
pednncle  now  stood  at  an  angle  of  57^  beneath  the  horizon.  If 
the  flower  had  been  fertilised  it  would  hayo  withered  much 
sooner,  and  hare  moved  much  more  quickly.  We  thus  see  that 
the  sub-peduncle  oscillated  up  and  down,  or  circumnutattd. 
during  its  whole  downward  epinastic  course. 

The  sub-peduncles  of  the  fertilised  and  withered  flowers 
of  OxalU  oar  now  likewise  bend  downwards  through  epinasty, 
M  will  be  shown  in  a  future  chapter;  and  theii  downward 
oonrse  is  strongly  zigzag,  indicating  circumnutation. 

The  number  of  instances  in  which  various  organs 
moYe  through  epinasty  or  hyponasty,  often  in  com- 
bination with  other  forces,  for  the  most  diversified 
purposes,  seems  to  be  inexhaustibly  great ;  and  from 
the  several  cases  which  have  been  here  given,  we  may 
safely  infer  that  such  movements  are  due  to  modified 
circumnutation. 


13 


2S0  MODIFIED  CIBCUMyUTATION.  Chap.  VI 


CHAPTEU  VI. 

Modified  Circumxvtation :  Sleep  or  NTcrnRoric  Movembnti, 
TUEiR  Use:  Sleep  op  Cotyledons. 

Preliminary  sketch  of  the  sleep  or  nyctitropio  movrmeuts  of  leaves — 
Presence  of  pulyini — The  lossiaiing  of  radiation  the  final  cause  of 
nyctitropic  movements — Manner  of  trying  experiments  on  leave-s  of 
Oxalis,  Arachis,  Cassia,  Melilotus,  Lotus  and  Mariiilea,  and  on  the 
cot\ledon8of  Mimo;>a— Concluding  remarks  on  radiation  from  leaTes 
— Small  differences  in  the  conditions  make  a  great  difference  in  the 
result — Description  of  the  nyctitropic  position  and  movements  of 
the  cotyledons  of  various  plants — List  of  species— Concluding 
remarks — Independence  of  the  nyctitropic  movements  of  the  leaves 
and  cotyledons  of  the  same  Bi)ecies — Reasons  for  believing  that  the 
movements  have  been  uoquirtd  fur  a  8])ecial  pur()08e. 

The  so-called  sleep  of  leaves  is  so  conspicuous  a 
phenomenon  that  it  was  observed  as  early  as  the 
time  of  Pliny  ;*  and  since  Linnaeus  published  his 
famous  Essay,  *  Somnus  Plantarum/  it  has  been  the 
subject  of  several  memoirs.  Jlany  flowers  close  at 
night,  and  these  are  likewise  said  to  sleep ;  but  we 
are  not  here  concerned  with  their  movements,  for 
although  effected  by  the  same  mechanism  as  in  the 
case  of  young  leaves,  namely,  unequal  growth  on  the 
opposite  sides  (as  first  proved  by  Pfefier),  yet  they  differ 
essentially  in  being  excited  chiefly  by  changes  of 
temperature  instead  of  light ;  and  in  being  effected,  as 
far  as  we  can  judge,  for  a  different  purpose.  Hardly 
any   one   supposes   that    there   is   any  real   analogy 


*  Pfeffer  has  given  a  clear  and       rimli^clien  Bewegungon  dcr  BlaV 
interesting  sketch  of  the  history       torgauo,*  1875,  p.  1G3. 
of  tliis  subject  in  his  'Die  Pe- 
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between  tho  sleep  of  animals  and  that  of  plants,* 
whether  of  leaves  or  flowers.  It  seems,  therefore, 
advisiible  to  give  a  distinct  name  to  the  so-called 
sleep-movements  of  plants.  These  have  also  generally 
been  confounded,  under  the  term  "  periodic,"  with  the 
slight  daily  rise  and  fall  of  leaves,  as  described  in  the 
fourth  chapter ;  and  this  makes  it  all  the  more  desir- 
able to  give  some  distinct  name  to  sleep-movements. 
Nyctitropism  and  nyctitropic,  i.e.  night-turning,  may 
be  applied  both  to  leaves  and  (lowers,  and  will  be 
occasionally  used  by  us ;  but  it  would  be  best  to  con- 
fine the  term  to  leaves.  The  leaves  of  some  few  plants 
move  either  upwards  or  downwards  when  the  sun  shines 
intensely  on  them,  and  this  movement  has  sometimes 
been  called  diurnal  sleep ;  but  we  believe  it  to  be  of 
an  essentially  different  nature  from  the  nocturnal 
movement,  and  it  will  be  briefly  considered  in  a 
future  chapter. 

The  sleep  or  nyctitropism  of  leaves  is  a  large 
subject,  and  we  think  that  the  most  convenient  plan 
will  be  first  to  give  a  brief  account  of  the  position 
which  leaves  assume  at  night,  and  of  the  advantages 
apparently  thus  gained.  Afterwards  the  more  re- 
markable cases  will  bo  described  in  detail,  with 
respect  to  cotyledons  in  the  present  chapter,  and  to 
leaves  in  the  next  chapter.  Finally,  it  will  be  shown 
that  these  movements  result  from  circumnutatiou, 
much  modified  and  regulated  by  the  alternations  of 
day  and  night,  or  light  and  darkness ;  but  that  they 
are  also  to  a  certain  extent  inherited. 

Leaves,  when  they  go  to  sleep,  move  either  upwards 
or  downwards,  or  in  the  case  of  the  leaflets  of  com- 


•  Ch.  Rover  must,  liowcvcr,  bo       Nat.*  (5th  scries),  Bot  voL  ix 
excepted;  8eo  ^  AanalcB  de8  Sc.        1  SOS,  p.  378. 


282  MODIFIED  CIBCUMNUTATION.  Chap.YL. 

pound  leaves,  forwards,  that  is,  towards  the  apex  of  thf 
leaf,  or  backwards,  that  is,  towards  its  base ;  or,  again, 
they  may  rotate  on  their  own  axes  without  moving 
either  upwards  or  downwards.  But  in  almost  every 
ease  the  plane  of  the  blade  is  so  placed  as  to  stand 
\iearly  or  quite  vertically  at  night.  Therefore  the  apex, 
or  the  base,  or  either  lateral  edge,  may  be  directed 
towards  the  zenith.  Moreover,  the  upper  surface  of 
each  leaf,  and  more  especially  of  each  leaflet,  is  often 
brought  into  close  contact  with  that  of  the  opposite 
one ;  and  this  is  sometimes  eflFected  by  singularly 
complicated  movements.  This  fact  suggests  that  the 
upper  surface  requires  more  protection  than  the  lower 
one.  For  instance,  the  terminal  leaflet  in  Trifolium, 
after  turning  up  at  night  so  as  to  stand  vertically, 
often  continues  to  bend  over  until  the  upper  surface  is 
directed  downwards  whilst  the  lower  surface  is  fully 
exposed  to  the  sky ;  and  an  arched  roof  is  thus 
formed  over  the  two  lateral  leaflets,  which  have  their 
upper  surfaces  pressed  closely  together.  Here  we  have 
the  unusual  case  of  one  of  the  leaflets  not  standing 
vertically,  or  almost  vertically,  at  night 

Considering  that  leaves  in  assuming  their  nycti- 
tropic  positions  often  move  through  an  angle  of 
90^;  that  the  movement  is  rapid  in  the  evening; 
that  in  some  cases,  as  we  shall  see  in  the  next 
chapter,  it  is  extraordinarily  complic*\ted ;  that  with 
certain  seedlings,  old  enough  to  bear  true  leaves, 
the  cotyledons  move  vertically  upwards  at  night, 
whilst  at  the  same  time  the  leaflets  movo  vcr- 
I  iciiUy  downwards ;  and  that  in  the  same  genus 
llie  leaves  or  cotyledons  of  some  species  move 
upwards,  whilst  those  of  other  species  move  down- 
wards ; — from  these  and  other  such  facts,  it  is  hardly 
possible    to   doubt    that    ])lants    must    derive    some 
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great   advantage   from    such    remarkable    powers   ol 
movement. 

The  nyctitropic  movements  of  leaves  and  cotyledons 
are  eflFected  in  two  ways,*  firstly,  by  means  of  pulvini 
which  become,  as  Pfeffer  has  shown,  alternately  more 
turgescent  on  opposite  sides;  and  secondly,  by  in- 
creased growth  along  one  si^le  of  the  petiole  or 
midrib,  and  then  on  the  opposite  side,  as  was  first 
proved  by  Batalin.t  But  as  it  has  been  shown  by 
De  Vries  }  that  in  these  latter  cases  increased  growth 
is  preceded  by  the  increased  turgescence  of  the  cells, 
the  diflTerence  between  the  above  two  means  of  move- 
ment is  much  diminished,  and  consists  chiefly  in  the 
turgescence  of  the  cells  of  a  fully  developed  pulvinus, 
not  being  followed  by  growth.  When  the  move- 
ments of  leaver  or  cotyledons,  furnished  with  a  pul- 
vinus and  destitute  of  one,  are  compared,  they  are  seen 
to  be  closely  similar,  and  are  apparently  efiected  for 
the  same  purpose.  Therefore,  with  our  object  in  view, 
it  does  not  appear  advisable  to  separate  the  above  two 
sets  of  cases  into  two  distinct  classes.  There  is,  how- 
ever, one  important  distinction  between  them,  namely, 
that  movements  effected  by  growth  on  the  alternate 
9ides,  are  confined  to  young  growing  leaves,  whilst  those 
eflfected  by  means  of  a  pulvinus  last  for  a  long  time. 
We  have  already  seen  well-marked  instances  of  this 
latter  fact  with  cotyledons,  and  so  it  is  with  leaves,  as 
has  been  observed  by  Pfefier  and  by  ourselves.  The 
long  endurance  of  the  nyctitropic  movements  when 
eflTected  by  the  aid  of  pulvini  indicates,  in  addition  tc 
the  evidence  already  advanced,  the  functional  imoort- 


•  This    distinction    was    first  Dassen  in  18,^7. 

pointed  out  (according  to  Pfeffer,  f  *  Flora,'  1873,  p.  433. 

•Die  Periodischen  Bewegungen  |  *lk)t.    Ztitung,'     1879,  Doa 

ior  Blattorgane/  lS7r>,  p.  101)  by  10. h,  p.  830. 
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ance  of  such  movements  to  the  plant.  There  is  another 
difference  between  the  two  sets  of  cases,  namely,  that 
there  is  neyer,  or  very  rarely,  any  torsion  of  the 
leaves,  excepting  when  a  pulvinus  is  present ;  *  but 
this  statement  applies  only  to  periodic  and  nycti tropic 
movements,  as  may  be  inferred  from  other  cases  given 
by  Frank.t 

The  fact  that  the  leaves  of  many  plants  place 
themselves  at  night  in  widely  different  positions  from 
what  they  hold  during  the  day,  but  with  the  one 
point  in  common,  that  their  upper  surfaces  avoid 
facing  the  zenith,  often  with  the  additional  fact  that 
they  come  into  close  contact  with  opposite  leaves  or 
leaflets,  clearly  indicates,  as  it  seems  to  us,  that  the 
object  gained  is  the  protection  of  the  upper  sur- 
faces from  being  chilled  at  night  by  radiation.  There 
is  nothing  improbable  in  the  upper  surface  needing 
protection  more  than  the  lower,  as  the  two  differ  in 
function  and  structure.  All  gardeners  know  that 
plants  suffer  from  radiation.  It  is  this  and  not 
cold  winds  which  the  peasants  of  Southern  Europe 
fear  for  their  olives.}  Seedlings  are  often  protected 
from  radiation  by  a  very  thin  covering  of  straw ;  and 
fruit-trees  on  w^alls  by  a  few  fir-branches,  or  even  by  a 
fishing-net,  suspended  over  them.  There  is  a  variety 
of  the  gooseberry,§  the  flowers  of  which  from  being 
produced  before  the  leaves,  are  not  protected  by 
thom  from  radiation,  and  consequently  often  fail  to 
yield   fruit.     An   excellent  observer  ||   has  remarked 


♦  Pfoffer,  *  Die  P«  riod.  Beweg. 
dor  BlattDrixBiif.*  J  87."),  p.  150. 

t  'Die  Nut  Wtt«;t»ncl»tc  Rich- 
tun^  von  PrtanzeDtheUcn,*  1870, 
p.  52. 

X  Martins  in  *  Bull.  Soc.  Bot. 
de  France,'  torn.  xix.  1872. 
Wull8,  in  his  fiunous  *■  Essay  on 


Dew/  remarks  that  an  exposed 
tliermomcter  rises  as  soon  as  even 
a  fleecy  cloud,  hi«;h  in  the  hky, 
pas-es  over  the  zenith. 

§  *  Loudon's  Gardener's  Hag./ 
vol.  iv.  1828,  p.  112. 

II  Mr.  Rivers  in  'Gardenei'f 
Chron./  1866,  p.  732. 
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that  Olio  variety  of  the  cherry  has  the  petals  of  its 
flowers  much  curled  backwards,  and  after  a  severe 
frost  all  the  stigmas  were  killed ;  whilst  at  the  same 
time,  in  another  variety  with  incurved  petals,  the 
stigmas  were  not  in  the  least  injured. 

This  view  that  the  sleep  of  leaves  saves  them  from 
being  chilled  at  night  by  radiation,  would  no  doubt 
have  occurred  to  Linnaeus,  had  the  principle  of  radia- 
tion been  then  discovered ;  for  he  suggests  in  many 
parts  of  his  *  Somnus  Plantarum '  that  the  position  of 
the  leaves  at  night  protects  the  young  stems  and 
buds,  and  often  the  young  iufloresc^ence,  against  cold 
winds.  We  are  far  from  doubting  that  an  additional 
advantage  may  be  thus  gained ;  and  we  have  observed 
with  several  plants,  for  instance,  Desmodium  gyrans^ 
that  whilst  the  blade  of  the  leaf  sinks  vertically  down  at 
night,  the  petiole  rises,  so  that  the  blade  has  to  move 
through  a  greater  angle  in  order  to  assume  its  vertical 
position  than  would  otherwise  have  been  necessary ;  but 
with  the  result  that  all  the  leaves  on  the  same  plant 
are  crowded  together  as  if  for  mutual  protection. 

We  doubted  at  first  whether  radiation  would  affect 
in  any  important  manner  objects  so  thin  as  are  many 
cotyledons  and  leaves,  and  more  especially  affect  dif- 
ferently their  upper  and  lower  surfaces ;  for  although 
the  temperature  of  their  upper  surfaces  would  un- 
doubtedly fall  when  freely  exposed  to  a  clear  sky,  yet 
we  thought  that  they  would  so  quickly  acquire  by 
conduction  the  temperature  of  the  surrounding  air, 
that  it  could  hardly  make  any  sensible  difference 
to  them,  whether  they  stood  horizontally  and  radiated 
into  the  open  sky,  or  vertically  and  radiated  chiefly 
in  a  lateral  direction  towards  neighbouring  plants  and 
other  objects.  We  endeavoured,  therefore,  to  ascer- 
tain something  on  this  liead  by  preventing  the  leaves 
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of  several  plants  from  going  to  sleep,  and  by  exposing 
to  a  clear  sky  when  the  temperature  was  beneath 
the  freezing-point,  these,  as  well  as  tlie  other  leaves 
on  the  same  ])lants  whi(>h  had  already  assumed  their 
nocturnal  vertical  position.  Our  experiments  show 
that  leaves  thus  compelled  to  remain  horizontal  at 
night,  suffered  much  more  injury  from  frost  than 
those  which  were  allowed  to  assume  their  normal 
vertical  position.  It  may,  however,  be  said  that 
conclusions  drawn  from  such  observations  are  not 
applicable  to  sleeping  plants,  the  inhabitants  of 
countries  where  frosts  do  not  occur.  But  in  every 
country,  and  at  all  seasons,  leaves  must  be  exposed  to 
nocturnal  chills  through  radiation,  which  might  be  in 
some  degree  injurious  to  them,  and  which  they  would 
escape  by  assuming  a  vertical  position. 

In  our  experiments,  leaves  were  prevented  from 
assuming  their  nyctitropic  position,  generally  by 
being  fastened  witli  the  finest  entomological  pins 
(which  did  not  sensibly  injure  them)  to  thin  sheets 
of  cork  supported  on  sticks.  But  in  some  instances 
they  were  fastened  down  by  narrow  strips  of  card, 
and  in  others  by  their  petioles  being  passed  through 
slits  in  the  cork.  The  leaves  were  at  first  fastened 
close  to  the  cork,  for  as  this  is  a  bad  conductor,  and  as 
the  leaves  were  not  exposed  for  long  periods,  we  thought 
tliat  the  cork,  which  had  been  kept  in  the  house,  would 
very  slightly  warm  them ;  so  that  if  they  were  injured 
by  the  frost  in  a  greater  degree  than  the  free  vertical 
leaves,  the  evidence  would  be  so  much  the  stronger 
that  the  horizontal  position  was  injurious.  But  we 
found  that  when  there  was  any  slight  difierence  in  the 
result,  which  could  be  detected  only  occasionally,  the 
leaves  which  had  been  fastened  closely  down  sufiered 
rather  more  than  those  fiistened  with. very  long  and 
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thin  pins,  so  as  to  stand  from  i  to  f  inch  above  the 
cork.  This  difference  in  the  result,  which  is  in  itself 
curious  as  showing  what  a  very  slight  difference  in 
the  conditions  influences  the  amount  of  injury  in- 
flicted, may  be  attributed,  as  we  believe,  to  the  sur- 
rounding warmer  air  not  circulating  freely  beneath  the 
closely  pinned  leaves  and  thus  slightly  warming  them. 
This  conclusion  is  supported  by  some  analogous  facts 
hereafter  to  be  given. 

We  will  now  describe  in  detail  the  experiments 
which  were  tried.  These  were  troublesome  from  our 
not  being  able  to  predict  how  much  cold  the  leaves  of 
the  several  species  could  endure.  Many  plants  had 
every  leaf  killed,  both  those  which  were  secured  in 
a  horizontal  position  and  those  which  were  allowed  to 
sleep — that  is,  to  rise  up  or  sink  down  vertically. 
Others  again  had  not  a  single  leaf  in  the  least  in- 
jured, and  these  had  to  be  re-exposed  either  for  a 
longer  time  or  to  a  lower  temperature. 

Oxalis  acciosella. — A  very  large  pot,  thickly  covered  with 
between  300  and  400  leaves,  had  been  kept  all  winter  in  tho 
greenhouse.  Seven  leaves  were  pinned  horizontally  open, 
and  were  exposed  on  March  16th  for  2  h.  to  a  clear  sky,  the 
temperature  on  the  surrounding  gra***  being  —  4°  C.  (24°  to 
25°  F.).  Next  morning  all  seven  leaves  were  found  quite 
killed,  so  were  many  of  the  free  ones  which  had  previously 
gone  to  sleep,  and  abont  100  of  them,  either  dead  or  browned 
and  iujured,  were  picked  oflf.  Some  leaves  showed  that  they 
bad  b^n  slightly  injured  by  not  expanding  during  the  whole 
of  the  next  day,  though  they  afterwards  recovered.  As  all  the 
leaves  which  were  pinned  open  were  killed,  and  only  about  a 
third  or  fourth  of  the  others  were  either  killed  or  injured,  we 
hod  some  little  evidence  that  those  which  were  prevented  from 
assuming  their  vertically  dependent  position  suffered  most. 

The  following  night  (17th)  was  clear  and  almost  equally  cold 
(—  3°  to  —  4**  C.  on  the  grass),  and  the  pot  was  again  exposed 
but  this  time  for  only  90  m.    Eight  leaves  had  been  pinned  out. 
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and  in  the  moniing  two  of  them  were  dead,  whilst  not  a  single 
other  leaf  on  the  many  plants  was  even  injured. 

On  the  23rd  the  ix)t  was  exposed  for  1  h.  30  m.,  the  tempera- 
ture on  the  grass  being  only  —  2°  C,  and  not  one  leaf  was 
injured:  the  pinned  ojwn  leaves,  however,  all  stood  from 
Mo  i  of  an  inch  above  the  cork. 

On  the  24th  the  pot  was  again  placed  on  the  ground  and 
exposed  to  a  clear  sky  for  between  35  m.  and  40  m.  By  a  mis- 
take the  thermometer  was  left  on  an  adjoining  sun-dial  3  feet 
high,  instead  of  being  placed  on  the  grass;  it  recorded  25°  to 
26^  F.  (-  3  3°  to  -  3-8°  C),  but  when  looked  at  after  1  h.  had 
fallen  to  22°  F.  (-  5*5°  C);  so  that  the  pot  was  perhaps  exposed 
to  rather  a  lower  temperature  than  on  the  two  first  occasions. 
Eight  leaves  had  been  pinned  out,  some  close  to  the  cork  and 
some  above  it,  and  on  the  following  morning  five  of  them  (i.e. 
63  per  cent.)  were  found  killed.  By  counting  a  portion  of  the 
leaves  we  estimated  that  about  250  had  been  allowed  to  go  to 
sleep,  and  of  these  about  20  were  killed  (i.e.  only  8  per  cent.), 
and  about  30  injured. 

Considering  these  cases,  there  can  be  no  doubt  that  the 
leaves  of  this  Oxalis,  when  allowed  to  assume  their  normal 
vertically  dependent  position  at  night,  suflft-r  much  less  from 
frost  than  those  (23  in  number)  which  had  their  upper  surfaces 
exposed  to  the  zenith. 

Oxalis  carnosa. — A  plant  of  this  Chilian  species  was  exposed 
for  30  m.  to  a  clear  sky,  the  theimometer  on  the  grass  standing 
at  —  2°  C ,  with  some  of  its  leaves  pinned  open,  and  not  one  leaf 
on  the  whole  bushy  plant  was  in  the  least  injured.  On  the 
16th  of  March  another  plant  was  similarly  exposed  for  30  m., 
when  the  temperature  on  the  grass  was  only  a  little  lower,  viz , 
—  3°  to  —  4°  C.  Six  of  the  leaves  had  been  pinned  open,  and 
next  morning  five  of  them  were  found  much  browned.  The 
plant  was  a  large  one,  and  none  of  the  free  leaves,  which 
were  asleep  and  depended  vertically,  were  browned,  excepting 
four  very  young  ones.  But  three  other  leaves,  though  not 
browned,  were  in  a  rather  flaccid  condition,  and  retained  their 
nocturnal  position  during  the  whole  of  the  following  day.  In 
this  case  it  was  obvious  that  the  leaves  which  were  exposed  hori- 
zontally to  the  zenith  suffered  most.  This  same  pot  was  after- 
wards exposed  for  35-40  m.  on  a  slightly  colder  night,  and 
every  leaf,  both  the  pinned  open  and  the  free  ones,  was  killed 
It  may  be  added  that  two  po*s  of  0.  cornicuhtta  (var.  Atit> 
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pnrpiireA}  were  exposed  for  2h.  an>i  3  h.  to  a  clear  sky  with  the 
temp,  oo  gimss  —  ?  C,  mnd  ncme  of  the  leaves,  whether  free  oi 
pinned  open,  weie  at  all  injured. 

Ar-idkU  hypoToa. — Some  plants  in  a  fx>t  were  exposed  at  night 
for  90  m.  to  a  clear  skj,  the  temperatnre  on  the  siirroaniling 
crass  being  —  2^  C,  and  on  two  nights  afterwards  they  were  again 
exposed  to  the  same  temperatare,  but  this  time  during  1  h.  30  m. 
On  neither  occasion  was  a  siogle  leaf,  whether  pinned  open  or 
free,  injured ;  and  this  surprised  us  much,  considering  its  native 
tropical  African  home.  Two  plants  were  next  exposed  (March 
16th}  for  30  m.  to  a  clear  sky,  the  temperature  of  the  surrounding 
grass  being  now  lower,  riz.,  between  —  3^  and  —  4?  C,  and  all 
four  pinned-open  leaves  were  killed  and  blackened.  These  two 
plants  bore  22  other  and  free  leaves  (excluding  some  very  young 
bud-Uke  ones)  and  only  two  of  these  were  killed  an*!  three  some- 
what injured ;  that  is,  23  per  cent,  were  either  killed  or  injurt<i, 
whereas  all  four  piimed  open  leaves  were  utterly  killed. 

On  another  night  two  pots  with  several  plants  were  exposed 
for  between  35  m.  and  40  m.  to  a  clear  sky,  and  pcrhaiis  to  a 
rather  lower  temperature,  f«»r  a  thermometer  on  a  dial,  3  feet 
high,  close  by  stood  at  —  33*'  to  —  3*8^  C.  In  one  pot  three 
leaves  were  pinned  open,  and  all  were  tolly  injureii ;  of  the 
44  free  leaves,  26  were  injured,  that  is,  59  per  cent.  In  the 
other  pot  3  leaves  were  pinned  open  and  all  were  killed;  four 
other  leaves  were  prevented  from  sleeping  by  narrow  strips  of 
stiff  paper  gummed  across  them,  and  all  were  killed ;  of  24  free 
leaves,  10  were  killed,  2  much  injured,  and  12  unhurt;  that  is, 
60  per  cent,  of  the  free  leaves  were  either  killed  or  much  in- 
jured. Taking  the  two  pots  together,  we  may  say  that  rather 
more  than  half  of  the  free  leaves,  which  were  asleep,  were  either 
killed  or  injured,  whilst  all  the  ten  horizontally  extended  leaves, 
which  had  been  prevcnte<l  from  going  to  sleep,  were  either  killed 
or  much  injured. 

CoMia  floribunda. — A  bush  was  exposed  at  night  for  40  m.  to 
a  clear  sky,  the  temperature  on  the  surrounding  grass  l>eing 
—  2®  C,  and  not  a  leaf  was  injured.*    It  was  again  exposed  on 


•  Cassia  Utvigata  was  exposed  injured.     But  wlien  C.  Imvigttia 

to  a  clciir  sky  ftir  35  ra.,  ami  C.  was  exposed  for  1   h.,  the  toinp. 

ciiUiantha  (a  Guiana  specu-s)  for  on   the  suriounding  grass  bving 

60  m.,  the  tempt'niiure  on   tlie  between  —  3**  and  —  4®  C.,  every 

furruunding  grass  being  —  2**  C,  leaf  was  killed. 
and    neither  were  in    the  least 


290  MODIFIED  CIRCUMNUTATION.  Chap.  VI. 

another  night  for  1  h.,  when  the  temperature  of  the  grass  was 
—  4®  C. ;  and  now  all  the  leaves  on  a  large  bush,  whether  pinned 
flat  open  or  free,  were  killed,  blackened,  and  shrivelled,  with 
the  exception  of  those  on  one  small  branch,  lt>w  down,  which 
was  very  slightly  protected  by  the  leaves  on  the  branches 
above.  Another  tall  bush,  with  four  of  its  large  compound 
leaves  pinned  out  horizontally,  was  afterwards  exix)8ed  (temp, 
of  surrounding  grass  exactly  the  same,  viz.,  —  4°  C),  but  only 
for  30  m.  On  the  following  morning  every  single  leaflet  on 
these  four  leaves  was  dead,  with  hoih  their  upi^er  and  lower 
surfaces  completely  blackened.  Of  the  many  free  leaves  on  the 
bush,  only  seven  were  blackened,  and  of  these  only  a  single  one 
(which  was  a  younger  and  more  tender  leaf  than  any  of  the 
pinned  ones)  had  both  surfaces  of  the  leaflets  blackened.  The 
contrast  in  this  latter  respect  was  well  shown  by  a  free  lesS,  which 
stood  between  two  pinned-open  ones ;  for  these  latter  had  the 
lower  surfaces  of  their  leaflets  as  black  as  ink,  whilst  the  inter- 
mediate free  leaf,  though  badly  injured,  still  retained  a  plain 
tinge  of  green  on  the  lower  surface  of  the  leaflets.  This  bush 
exhibited  in  a  striking  maoner  the  evil  effects  of  the  leaves  not 
being  alloweci  to  assume  at  night  their  normal  dependent  posi- 
tion ;  for  had  they  all  been  prevented  from  doing  so,  assuredly 
every  single  leaf  on  the  bush  would  have  been  utterly  killed  by 
this  exposure  of  only  30  m.  The  leaves  whilst  sinking  down- 
wards in  the  evening  twist  round,  so  that  the  upper  surface  is 
turned  inwards,  and  is  thus  better  protected  than  the  outwardly 
turned  lower  surface.  Nevertheless,  it  was  always  the  upper 
surface  which  was  more  blackened  than  the  lower,  whenever 
any  difference  could  be  perceived  between  them ;  but  whether  this 
was  due  to  the  cells  near  the  upper  surface  being  more  tender, 
or  merely  to  their  containing  more  chlorophyll,  we  do  not  know. 
Mrlilutus  officinalis. — A  large  pot  with  many  plants,  which 
had  Ix^en  kept  during  the  winter  in  the  greenhouse,  was  exposed 
during  5  h.  at  night  to  a  slight  frost  and  clear  sky.  Four 
leaves  had  been  pinned  out,  and  these  died  after  a  few  days ; 
but  so  did  many  of  the  fr('e  leaves.  Therefore  nothing  certain 
could  be  inferred  from  this  trial,  though  it  indicated  that  the 
tiorizon tally  extended  leaves  sutfered  most.  Another  large  pot 
with  many  plants  was  next  exposed  for  1  h.,  the  temperature  on 
the  surrounding  grass  being  lower,  viz.,  —  3°  to  —  4°  C.  Ten 
leaves  had  been  pinned  out,  and  the  result  was  striking,  for 
on  the  following  morning  all  these  were  found  much  injured  o' 
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killed,  and  none  of  the  many  free  leaves  on  the  several  plants 
were  at  all  injured,  with  the  doubtful  exception  of  two  or 
three  very  young  ones. 

Mdilolus  Italica, — Six  leaves  were  pinned  out  horizontally, 
three  with  their  upper  and  three  with  their  lower  surfaces  turned 
to  the  zenith.  The  plants  were  exposed  for  5  h.  to  a  clear  sky, 
the  temperature  on  ground  being  about  —  1°  C.  Next  morning 
the  six  pinned-open  leaves  seemed  more  injured  even  than  the 
younger  and  more  tender  free  ones  on  the  same  branches.  The 
exposure,  however,  had  been  too  long,  for  after  an  interval  of 
some  days  many  of  the  free  leaves  seemed  in  almost  as  bad  a 
condition  as  the  pinned-out  ones.  It  was  not  possible  to  decide 
whether  the  leaves  with  their  upper  or  those  wiih  their  lower 
surfaces  turned  to  the  zenith  hud  suffered  most. 

Melilotus  suavtoleus. — Some  plants  with  8  leaves  pinned  out 
Were  exposed  to  a  clear  sky  during  2  h.,  the  temperature  on  the 
surrounding  grass  being  —  2°  C.  Next  morning  6  out  of  these 
8  leaves  were  in  a  flaccid  condition.  There  were  about  150  free 
leaves  on  the  plant,  and  none  of  these  were  injured,  except  2  or  3 
very  young  ones.  But  after  two  days,  the  plants  having  been 
brought  back  into  the  greenhouse,  the  6  pinned-out  leaves  all 
recovered. 

MetUoius  Taurica. — Several  plants  were  exposed  for  5  h  during 
two  nights  to  a  clear  sky  and  slight  frost,  accompanied  by  some 
wind ;  and  5  leaves  which  had  been  pinned  out  suffered  more 
than  those  both  above  and  below  on  the  same  branches  which 
had  gone  to  sleep.  Another  pot,  which  had  likewise  been  kept 
in  the  greenhouse,  was  exposed  for  35-40  m.  to  a  clear  sky, 
thetemperature  of  the  surrounding  grass  being  between  —  3°  and 

—  4*^  0.  Nine  leaves  had  been  pinned  out,  and  all  of  these  were 
killed.  On  the  same  plants  there  were  210  free  leaves,  which 
had  been  allowed  to  go  to  sleep,  and  of  these  about  80  were 
killed,  i.e.  only  38  per  cent. 

Melilotus  Fetitpitmana. — The  plants  were  exposed  to  a  clear 
sky  for  35-40  m. :  temperature  on  surrounding  grass  —  3°  to 

—  4®  C.  Six  leaves  had  been  pinned  out  so  as  to  stand  about 
I  inch  above  the  cork,  and  four  had  been  pinned  close  to  it. 
These  10  leaves  were  all  killed,  but  the  closely  pinned  ones 
suffered  most,  as  4  of  the  6  which  stood  above  the  cork  still 
retained  small  patches  of  a  green  colour.  A  considerable 
number,  but  not  nearly  all,  of  the  free  leaves,  were  killed  or 
much  floured,  whereas  all  the  pinned  out  ones  were  killed. 
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Melllotus  macrorrhiza. — The  plants  were  exposed  in  the  same 
manner  as  in  the  last  case.  Six  leaves  had  been  pinned  out 
horizontally,  and  five  of  them  were  killed,  that  is,  83  per  cent 
We  estimated  that  there  were  200  free  leaves  on  the  plants,  and 
of  these  about  50  were  killed  and  20  badly  injured,  so  that  aboul 
35  per  cent,  of  the  free  leaves  were  killed  or  injured. 

Lotus  aristoto.— Six  plants  were  exposed  for  nearly  5  h.  to  a 
clear  sky ;  temperature  on  surrounding  grass  —  1*5**  C.  Four 
leaves  had  been  pinned  out  horizontally,  and  2  of  these  suffered 
more  than  those  alx)ve  or  below  on  the  same  branches,  which 
had  been  allowed  to  go  to  sleep.  It  is  rather  a  remarkable  fact 
that  some  plants  of  Lottts  Jacohctus,  an  inhabitant  of  so  hot  a 
country  as  the  Cape  Verde  Islands,  were  exposed  one  night  to  a 
clear  sky,  with  the  temperature  of  the  surrounding  grass  —  2**  C, 
and  on  a  second  night  for  30  m.  with  the  temperatui*e  of 
the  grass  between  —  3°  and  —  4°  C,  and  not  a  single  leaf,  either 
the  pinned-out  or  free  ones,  was  in  the  least  injured. 

Marsilea  quadri/oUata, — A  large  plant  of  this  species — ^the 
only  Cryptogamic  plant  known  to  sleep— with  some  leaves  pinned 
open,  was  exposed  for  1  h.  35  m.  to  a  clear  sky,  the  temperature 
on  the  surrounding  ground  iKjing  —  2°  C,  and  not  a  single  leaf 
was  injured.  After  an  interval  of  some  days  the  plant  was  again 
exposed  for  1  h.  to  a  clear  sky,  with  the  temperature  on  the 
surrounding  ground  lower,  viz.,  —  4°  C.  Six  leaves  had  been 
pinned  out  horizontally,  and  all  of  them  were  utterly  killed. 
The  plant  had  emitted  long  trailing  stems,  and  these  had  been 
wrapped  round  with  a  blanket,  so  as  to  protect  them  from  the 
frozen  ground  and  from  radiation ;  but  a  very  large  number 
of  leaves  were  left  freely  exposed,  which  had  gone  to  sleep, 
and  of  these  only  12  were  killed.  After  another  interval,  the 
plant,  with  9  leaves  pinned  out,  was  again  exposed  for  1  h.,  the 
temperature  on  the  ground  being  again  —  4°  C.  Six  of  the  leaves 
were  killed,  and  one  which  did  not  at  first  api^car  injured  after- 
wards became  streaked  with  brown.  The  trailing  branches,  which 
rested  on  the  frozen  ground,  had  one-half  or  three-quarters  of  their 
leaves  killed,  but  of  the  many  other  leaves  on  the  plant,  which 
alone  could  l)e  fairly  compared  with  the  pinned-out  ones,  none 
appeared  at  first  sight  to  have  been  killed,  but  on  careful  search 
12  were  found  in  this  state.  After  another  interval,  the  plant 
with  9  leaves  pinned  out,  was  exposed  for  35-40  m.  to  a  clear 
sky  and  to  nearly  the  same,  or  perhaps  a  rather  lower,  tempera- 
ture (for  the  tlicrmomcter  by  an  accident  had  been  left  on  • 
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•un-dial  close  by),  &n<i  8  of  these  leares  were  killed.  Of  the  free 
leaves  (those  on  the  trailiDg  branches  not  being  considered),  a 
good  many  were  killed,  but  their  number,  compared  with  tlie 
uninjured  ones,  was  small.  Finally,  taking  the  three  trials 
together,  24  leaves,  extended  horizontally,  were  exposed  to  the 
zenith  and  to  unobstructed  radiation,  and  of  these  20  were 
killed  and  1  injured ;  wliilst  a  relatively  very  small  proportion 
of  the  leaves,  which  had  been  allowed  to  go  to  sk^p  with  their 
leaflets  vertically  dependent,  were  killed  or  injured. 

The  cotyledons  of  several  plants  were  prepared  for  trial,  but 
the  weather  was  mild  and  we  succeeded  only  in  a  single  instance 
in  having  seedlings  of  the  proper  age  on  nights  which  were 
clear  and  cold.  The  cotyledons  of  6  seedlings  of  Afimosa  ]>wiica 
were  fastened  open  on  cork,  and  were  thus  exposed  for  1  h.  45  m. 
to  a  clear  sky,  with  the  temperature  on  the  surrounding  ground 
at  29°  F. ;  of  these,  3  were  killed.  Two  other  seedlings,  after 
their  cotyledons  had  risen  up  and  had  closed  together,  were 
bent  over  and  fastened  so  that  they  stood  horizontally,  with  the 
lower  surface  of  one  cotyledon  fully  exposed  to  the  zenith,  and 
both  were  killed.  Therefore  of  the  8  seedlings  thus  tried  5,  or 
more  than  half,  were  killed.  Seven  other  seedlings,  with  their 
cotyledons  in  their  normal  nocturnal  position,  viz.,  vertical  and 
closed,  were  exposed  at  the  same  time,  and  of  these  only  2  were 
killed.*  Hence  it  appears,  as  far  as  these  few  trials  tell  anything, 
that  the  vertical  position  at  night  of  Uie  cotyledons  of  Mimosa 
pudica  protects  them  to  a  certain  degree  from  the  evil  effects  of 
radiation  and  cold. 


Concluding  Remarks  on  the  Radiation  from  Leaves 
ai  Night. — We  exposed  on  two  occasions  during  the 
summer  to  a  clear  sky  several  pinned-open  leaflets 
of  Trifolium  pratense,  which  naturally  rise  at  night, 
and  of  Oxalis  purpureay  which  naturally  sink  at  night 
(the   plants   growing   out  of   doors),  and   looked   at 


♦  We  were  surprised  that 
young  seedlings  of  bo  tropical  a 
plant  as  Mimosa  pudica  wore  ublu 
to  resist,  as  weU  us  tliey  did,  ex- 
posure for  ]  br.  45  m.  to  a  clear 
Hky,  the  tcmpereture  on  the  sur- 
monding  gnround  being    29°  F. 


It  mny  be  added  thnt  Sfodlings  of 
the  Indian  Ca*sia  pubesceus  were 
exposed  for  1  h.  30  m.  to  a  clear 
bky,  with  the  temp,  on  the  sur- 
rounding ground  at  —  2®  0.,  and 
they  w<re  not  in  the  kabt  hijurod 
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them  early  on  several  successive  mornings,  after  they 
had  assumed  their  diurnal  positions.  The  difference 
in  the  amount  of  dew  on  the  pinned-open  leaflets 
and  on  those  which  had  gone  to  sleep  was  generiilly 
conspicuous ;  the  latter  beiug  sometimes  absolutely 
dry,  whilst  the  leaflets  which  had  been  horizontal 
were  coated  with  large  beads  of  dew.  This  shows  how 
much  cooler  the  leaflets  fully  exposed  to  the  zenith 
must  have  become,  than  those  which  stood  almost 
vertically,  either  upwards  or  downwards,  during  tlie 
night. 

From  the  several  cases  above  given,  there  can  be  no 
doubt  that  the  position  of  tlie  leaves  at  night  affects 
their  temperature  through  radiation  to  such  a  degree, 
that  when  exposed  to  a  clear  sky  during  a  frost,  it  is  a 
question  of  life  and  death.  We  may  therefore  admit 
as  highly  probable,  seeing  that  their  nocturnal  posi- 
tion is  so  well  adapted  to  lessen  radiation,  that  the 
object  gained  by  their  often  complicated  sleep  move- 
ments, is  to  lessen  the  degree  to  which  they  are 
chilled  at  night.  It  should  be  kept  in  mind  that 
it  is  especially  the  upper  surface  which  is  thus  pro- 
tected, as  it  is  never  directed  towards  the  zenith,  and 
is  often  brought  into  close  contact  with  the  upper 
surface  of  an  opposite  leaf  or  leaflet. 

We  failed  to  obtain  sufficient  evidence,  whether 
the  better  protection  of  the  upper  surface  has  been 
gained  from  its  being  more  easily  injured  than  the 
lower  surface,  or  from  its  injury  being  a  greater  evil 
to  the  plant.  That  there  is  some  difference  in  consti- 
tution between  the  two  surfaces  is  shown  by  the  follow- 
ing cases.  Cassia  fl&ribunda  was  exposed  to  a  clear  sky 
on  a  sharp  frosty  night,  and  several  leaflets  which 
had  assumed  their  nocturnal  dependent  position  with 
their  lower   surfaces    turned    outwards  so  as  to  be 
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exposed  oUiqaely  to  the  zeaitii,  crvenheli^ss  Lad  thew 
lover  surfaces  less  bLickened  than  the  upper  suri^vs 
which  vere  turned  inwards  an-J  were  in  ok^se  contact 
with  those  of  the  opp;«ite  It^dets.  A^in,  a  |v»t 
full  of  plants  of  Tn/WthRi  rcSvi-innMtur.i^  «hioh  had 
been  kept  in  a  warm  nx^m  lor  three  davfs  w:is  tumeil 
out  of  doors  (Sept.  21st  i  un  a  ck-^ir  and  almi>st  fiosty 
night.  Next  morning  t<rn  of  the  terminal  leadets  weie 
examined  as  opaque  objects  nmler  the  microscope. 
These  leaflets,  in  going  to  sleep,  either  turn  vertically 
upwards,  or  more  commonly  bend  a  little  over  the 
lateral  leaflets,  so  that  their  lower  surfaces  are  more 
exposed  to  the  zenith  than  their  upjK^r  surfaces. 
Nevertheless,  six  of  these  ten  leaflets  were  distinctly 
yellower  on  the  upper  than  on  the  lower  and  more 
exposed  surface.  In  the  remaining  four,  the  result 
was  not  so  plain,  but  certainly  whatever  difterence 
there  was  leaned  to  the  side  of  the  upj>er  surlace 
having  sufiered  most. 

It  has  been  stated  that  some  of  the  leaflets  e^ij^eri- 
mented  on  were  fastened  close  to  the  cork,  and  others 
at  a  height  of  from  |  to  |  of  an  inch  above  it ;  and 
that  whenever,  after  exposure  to  a  frost,  any  difierence 
could  be  detected  in  their  states,  the  closely  pinneil 
ones  had  sufiered  most.  We  attributed  this  difierence 
to  the  air,  not  cooled  by  radiation,  having  been  pre- 
vented from  circulating  freely  beneath  the  closely 
pinned  leaflets.  That  there  was  really  a  difierence  in 
the  temperature  of  leaves  treated  in  these  two  dif- 
ferent methods,  was  plainly  shown  on  one  occasion ; 
for  after  the  exposure  of  a  pot  with  plants  of  Melilotus 
derUala  for  2  h.  to  a  clear  sky  (the  temperature  on  the 
surrounding  grass  being  —  2^  C),  it  was  manifest  that 
more  dew  had  congealed  into  hoar-frost  on  the  closely 
pinned  leaflets,  than  on  those  which  stood  liorizon tally 
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a  little  above  the  cork.  Again,  the  tips  of  some  few 
leaflets,  which  had  been  pinned  close  to  the  cork,  pro- 
ected  a  little  beyond  the  edge,  so  that  the  air  could 
circulate  freely  round  them.  This  occurred  with  six 
leaflets  of  Oralis  acetoselhi,  and  their  tips  certainly 
suflered  rather  less  than  the  rest  of  the  same  leaflets ; 
for  on  the  following  morning  they  were  still  slightly 
green.  The  same  result  followed,  even  still  more 
clearly,  in  two  cases  with  leaflets  of  Melilotus  officinalis 
which  projected  a  little  beyond  the  cork ;  and  in  two 
other  cases  some  leaflets  which  were  pinned  close  to 
the  cork  were  injured,  whilst  other  free  leaflets  on 
the  same  leaves,  which  had  not  space  to  rotate  and 
assume  their  proper  vertical  position,  were  not  at  all 
injured. 

Another  analogous  fact  deserves  notice :  we  observed 
on  several  occasions  that  a  greater  number  of  free 
leaves  were  injured  on  the  branches  which  had  been 
kept  motionless  by  some  of  their  leaves  having  been 
pinned  to  the  corks,  than  on  the  other  branches.  This 
was  conspicuously  the  case  with  those  of  Melilotus 
Petifpierreana,  but  the  injured  leaves  in  this  instance 
were  not  actually  counted.  With  Araclm  hypoffasa,  a 
young  plant  witli  7  stems  bore  22  free  leaves,  and  of 
these  5  were  injured  by  the  frost,  all  of  which  were  on 
two  stems,  bearing  four  leaves  pinned  to  the  cork- 
supports.  With  Oxalis  carnma,  7  free  leaves  were 
injured,  and  every  one  of  them  belonged  to  a  cluster 
of  leaves,  some  of  which  had  been  pinned  to  the  cork, 
W^e  could  account  for  these  cases  only  by  supposing 
tliat  the  branches  which  were  quite  free  bad  been 
slightly  waved  about  by  the  wind,  and  that  theii 
leaves  had  thus  been  a  little  warmed  bv  the  sur- 
rounding  warmer  air.  If  we  hold  our  hands  motion 
less  before  a  hot  fire,  and  then  wAve  them  about,  we 
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immediately  feel  relief;  and  this  is  evidently  an 
analogous,  though  reverse«l,  ease.  These  several  facta 
—  in  relation  to  leaves  pinned  close  to  or  a  little  above 
the  cork-supports — to  their  tips  projecting  beyond  it  — 
and  to  the  leaves  on  branches  kept  motionless — seem 
to  US  curious,  as  showing  how  a  difference,  apparently 
trifling,  may  determine  the  greater  or  less  injury  of 
the  leaves.  We  may  even  infer  as  proluible  that  the 
less  or  greater  destruction  during  a  frost  of  the  leaves 
on  a  plant  which  does  not  sleep,  may  often  depend  on 
the  greater  or  less  degree  of  flexibility  of  their  petioles 
and  of  the  branches  which  bear  them. 

Nyctitropic  or  Sleep  Movements  of  Cotyledons. 

We  now  come  to  the  descriptive  part  of  our  work, 
and  will  begin  with  cotyledons,  passing  on  to  leaves 
in  the  next  chapter.  We  have  met  with  only  two 
brief  notices  of  cotyledons  sleeping.  Ilofmeister,* 
after  stating  that  the  cotyledons  of  all  the  observed 
seedlings  of  the  Caryophylleaj  (Alsiuea}  and  Sileneae) 
bend  upwards  at  night  (but  to  what  angle  he  does  not 
state),  remarks  that  those  of  Stellaria  viedia  rise  up  so 
as  to  touch  one  another ;  they  may  therefore  safely  be 
said  to  sleep.  Secondly,  according  to  l{amey,t  the 
cotyledons  of  Mimosa  pudica  and  of  Clianthus  Dam' 
fieri  rise  up  almost  vertically  at  night  and  approach 
each  other  closely.  It  has  been  shown  in  a  previous 
chapter  that  the  cotyledons  of  a  large  number  of 
plants  bend  a  little  upwards  at  night,  and  we  here 
have  to  meet  the  difficult  question  at  what  inclination 
may  they  be  said  to  sleep?  According  to  the  view 
which  we  maintain,  no  movement  deserves  to  be  called 


•  'Die  Lehre  von  derPflanzmzclIe/  1SC7,  p.  327. 
t  *  Adansonia,'  March  10th,  18<;9. 
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nyctitropic,  unless  it  has  been  acquired  for  the  sake  of 
lessening  radiation ;  but  this  could  be  discovered  only 
by  a  long  series  of  experiments,  showing  that  the 
leaves  of  each  species  suffered  from  this  cause,  if  pre- 
vented from  sleeping.  We  must  therefore  take  an 
arbitrary  limit.  If  a  cotyledon  or  leaf  is  inclined  at 
60^  above  or  beneath  the  horizon,  it  exposes  to  the 
zenith  about  one-half  of  its  area;  consequently  the 
intensity  of  its  radiation  will  be  lessened  by  about 
half,  compared  with  what  it  would  have  been  if  the 
cotyledon  or  leaf  had  remained  horizontal.  This 
degree  of  diminution  certainly  would  make  a  great 
difference  to  a  plant  having  a  tender  constitution. 
We  will  therefore  speak  of  a  cotyledon  and  hereafter 
of  a  leaf  as  sleeping,  only  when  it  rises  at  night  to 
an  angle  of  about  60°,  or  to  a  still  higher  angle,  above 
the  horizon,  or  sinks  beneath  it  to  the  same  amount. 
Not  but  that  a  lesser  diminution  of  radiation  may  be 
advantageous  to  a  plant,  as  in  the  case  of  Datura 
stramonium,  the  cotyledons  of  which  rose  from  31**  at 
noon  to  55°  at  night  above  the  horizon.  The  Swedish 
turnip  may  profit  by  the  area  of  its  leaves  being 
reduced  at  night  by  about  30  per  cent.,  as  estimated 
by  M  r.  A.  S.  Wilson ;  though  in  this  case  the  angle 
through  which  the  leaves  rose  was  not  observed.  On 
the  other  hand,  when  the  angular  rise  of  cotyledons  or 
of  leaves  is  small,  such  as  less  than  30°,  the  diminution 
of  radiation  is  so  slight  that  it  probably  is  of  no  sig- 
nificance to  the  plant  in  relation  to  radiation.  For 
instance,  the  cotyledons  of  Geranium  Tbericum  rose  at 
night  to  27°  above  the  horizon,  and  this  would  lessen 
radiation  by  only  11  per  cent. :  those  of  Linum  Beren- 
dieri  rose  to  33°,  and  this  would  lessen  radiation  by 
16  per  cent. 
Tliere  are,  however,  some  other  sources  of  doubt  witli 
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respect  to  the  sleep  of  cotyledons.  In  certain  cases, 
the  cotyledons  whilst  young  diverge  during  the  day  to 
only  a  very  moderate  extent,  so  that  a  small  rise  at 
night,  which  wo  know  occurs  with  the  cotyledons  of 
many  plants,  would  necessarily  cause  them  to  assume 
a  vertical  or  nearly  vertical  position  at  night ;  and  in 
this  case  it  would  be  rash  to  infer  that  the  movement 
was  eflfected  for  any  special  purpose.  On  this  account 
we  hesitated  long  whether  we  should  introduce  several 
Cucurbitaceous  plants  into  the  following  list ;  but  from 
reasons,  presently  to  be  given,  we  thought  that  they 
had  better  be  at  least  temporarily  included.  This 
same  source  of  doubt  applies  in  some  few  other  cases ; 
for  at  the  commencement  of  our  observations  we  did 
not  always  attend  sufficiently  to  whether  the  cotyle- 
dons stood  nearly  horizontally  in  the  middle  of  the  day. 
With  several  seedlings,  the  cotyledons  assume  a  highly 
inclined  position  at  night  during  so  short  a  period  of 
their  life,  that  a  doubt  naturally  arises  whether  this 
can  be  of  any  service  to  the  plant.  Nevertheless,  in 
most  of  the  cases  given  in  the  following  list,  the  coty- 
ledons may  be  as  certainly  said  to  sleep  as  may  the 
leaves  of  any  plant.  In  two  cases,  namely,  with  the 
cabbage  and  radish,  the  cotyledons  of  which  rise  almost 
vertically  during  the  few  first  nights  of  their  life,  it 
was  ascertained  by  placing  young  seedlings  in  the 
klinostat,  that  the  upward  movement  was  not  due  to 
apogeotropism. 

The  names  of  the  plants,  the  cotyledons  of  which 
stand  at  night  at  an  angle  of  at  least  60^  with  the 
horizon,  are  arranged  in  the  appended  list  on  the  same 
system  as  previously  followed.  The  numbers  of  the 
Families,  and  with  the  Leguminosai  the  numbers  of 
the  Tribes,  have  been  added  to  sliow  how  widely 
the  plants  in  question  are  distributed  throughout  the 
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dicotyledonous  series.  A  few  remarks  will  have  to 
be  made  about  many  of  the  plants  in  the  list.  In 
doing  so,  it  will  be  convenient  not  to  follow  strictly 
any  systematic  order,  but  to  treat  of  the  Oxalidw 
and  the  LeguminoscB  at  the  close ;  for  in  these 
two  Families  the  cotyledons  are  generally  provided 
with  a  pulvinus,  and  their  movements  endure  for  a 
much  longer  time  than  those  of  the  other  plants  in 
the  list. 


List  of  Seedling  Plants,  the  cotijUdona  of  which  rise  or  sink  at 
niyht  to  an  angle  of  at  least  60°  aboue  or  beneath  the  horizon. 


Brassica  oleracea.    CrucifersD  (Fain. 

14). 
n.'tpus  (as  we  are  iDfornied 

by  Prof.  Pfefter). 
Raphauus  sativus.     Crucifera?. 
Githago   segetam.       Caryophyllea} 

(Fam.  2t>). 
Stellaria  media  (according  to  ITof- 

Tneister,  as  quoted).     Caryophyl- 

lefe. 
Anoda  Wrightii.     Malvaceae  (Fam. 

36). 
Gos«ypium   (var.    Nankin    cotton). 

Malracenc. 
Oxalis  rosea.     Oxalidx  (Fam.  41). 
— —  floribunda. 


—  nrticulata. 

—  Valdiviana. 

—  sensitiva. 


Gcra- 
l.egu- 


Geranium    rotundifolium. 
niacese  (Fam.  47). 

Tritolium    subterraneum. 
minosa!  (Fam.  75,  Tribe  3). 

strictum. 

leucanthemum. 

Lotus  ornithopopoides.  I^gu  mi- 
nosa (Tribe  4). 

peregrinus. 

-^—  Jacoba-u8. 

Clianthus  Dampicri.  Letinmi- 
nos.TJ  (Tribe  0^-— according  to  M. 
Ramey. 

Smithia  sensitiva.  Leguminoso: 
(Tribe  6). 

HfcmatozTloD  Cam|iecl)ianum.     Lc- 


guminosfe    (Tribe    13) — accord- 

iug  to  Mr.  K.  1.  Lynch. 
Cassia    mimosoides.      Leguminosx 

(Tribe  14). 

glauca. 

fjorida. 

corvmbosa. 

pubesceub. 

tora. 

neglecta. 

3  other  Brazilian  unnamed 


I^gumino$<p 
Leguminosft 
Leguminos:£ 

Cucurbitaceff 


species. 
Bauhinia    (ip.    ?). 

(Tribe  15). 
Ncptunia     oleracea. 

(Tribe  20). 
Mimosa       pudica. 

(Tribe  21). 

albida. 

Cucurbita   ovifera. 

(Fam.  106). 

aurantia. 

Lagenaria  vulgaris.  Cucurbitaceie. 
Cucumis  dudaim.  Cucurbitacew. 
Apinm  petroselinum.    Umbellifertp 

(Fam.  113). 

graveolens. 

Lact  uca  scjiriola.    Composite  (Fam. 

122). 
Helianthusannuus(?).    C!omposit«. 
Ipomoea    csrulea.      ConvolvolaoM 

(Fam.  151). 

purpurea. 

^-^—  bona-noz. 
cocci  nea. 
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List  of  Seedling  Plants  (continued). 


Solanum    lycopersicaro.      Solaneae 

(Fani.  157). 
Mimulus,    (sp.  ?)    Scrophularineae 

(Fam.   159)  —  from  information 

giren  us  by  Prof.  Pferter. 
Mirabilis     jalapa.         Nvctagineo; 

(Fam.  177). 


Mirabilis  longiflora. 

Beta   vulgaris.     Pulvgoneie   (Fam. 

179). 
Amaranthus    caudatus.     Amaran* 

tbaceae  (Fam,  18u). 
Cannabis    sativa  (?).      Cannabineae 

(Fam.  195). 


Brassica  deracea  (Cnicifene).  —It  was  shown  in  the  first  chapter 
that  the  cotyledons  of  the  common  cabbage  rise  in  tlie  evening 
and  stand  vertically  up  at  night  with  their  petioles  in  contact. 
But  as  the  two  cotyledons  are  of  unequal  height,  they  frequently 
interfere  a  little  with  each  other's  movements,  the  shorter  one 
often  not  standing  quite  vertically.  They  awake  early  in  the 
morning;  thus  at  6.45  a.m.  on  Nov.  27th,  whilst  it  was  still 
dark,  the  cotyledons,  which  had  been  vertical  and  in  contact  on 
the  previous  evening,  were  reflexed,  and  thus  presented  a  very 
different  appearance.  It  should  be  borne  in  mind  that  seedlings 
in  germinating  at  the  proper  season,  would  not  be  subjected  to 
darkness  at  this  hour  in  the  morning.  The  above  amount  of 
movement  of  the  cotyledons  is  only  temporary,  lasting  with  plants 
kept  in  a  warm  greenhouse  from  four  to  six  days ;  how  long  it 
would  last  with  seedlings  growing  out  of  doors  we  do  not  know. 

Raphanus  sat ivus.— In  the  middle  of  the  day  the  blades  of 
the  cotyledons  of  10  seedlings  stood  at  right  angles  to  their 
hypocotyls,  with  their  petioles  a  little  divergent ;  at  night  the 
blades  stood  vertically,  with  their  bases  in  contact  and  with 
their  petioles  parallel.  Next  morning,  at  6.45  a.m.,  whilst  it 
was  still  dark,  the  blades  were  horizontal.  On  the  following 
night  they  were  much  raiseti,  but  hardly  stood  suflSciently  ver- 
tical to  be  paid  to  be  asleep,  and  so  it  was  in  a  still  less  degree 
on  the  third  night.  Therefore  the  cotyledons  of  this  plant  (kept 
in  the  greenhou.se)  go  to  sleep  for  even  a  shorter  time  than 
those  of  the  cabbage.  Similar  observations  were  made,  but  only 
during  a  single  day  and  night,  on  13  other  seedlings  likewise 
raised  in  the  greenhouse,  with  the  same  result. 

The  petioles  of  the  cotyledons  of  11  young  seedlings  of 
Simipis  nigra  were  slightly  divergent  at  noon,  and  the  blades 
stood  at  right  angles  to  the  hypocotyls ;  at  night  the  petioles 
were  in  close  contact,  and  the  blades  considerably  raised, 
with  their  bases  in  contact,  but  only  a  few  stood  sufficiently 
aprigbt    to    bo   called    asleep.     On    the    following   moming. 
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the  petioles  diverged  before  it  was  light  The  hypocotyl  ii 
slightly  sensitive,  so  that  if  rubbed  with  a  needle  it  bends 
towards  the  rubbed  side.  In  the  case  of  Lepidium  sativum,  the 
petioles  of  tii<3  cotyledons  of  young  seedlings  diverge  during 
the  day  and  converge  so  as  to  touch  each  other  during  the 
night,  by  which  means  the  bases  of  the  tripartite  blades  are 
brought  into  contact ;  but  the  blades  are  so  little  raised  that 
they  cannot  be  said  to  sleep.  The  cotyledons  of  several  other 
cruciferous  plants  were  observed,  but  they  did  not  rise  suflBciently 
during  the  night  to  be  said  to  sleep. 

Oithago  sf-getum  (Gary  ophy lie®). — On  the  first  day  after  the 
cotyledons  had  burst  through  the  seed-coats,  they  stood  at  noon 
at  an  angle  of  75°  above  the  horizon ;  at  night  they  moTed 
upwards,  each  through  an  angle  of  15°  so  as  to  stand  quite 
vertical  and  in  contact  with  one  another.  On  the  second  day 
they  stood  at  noon  at  59°  above  the  horizon,  and  again  at 
night  were  completely  closed,  each  having  risen  31°.  On  the 
fourth  day  the  cotyledons  did  not  quite  close  at  night.  The 
first  and  succeeding  pairs  of  young  true  leaves  behaved  in 
exactly  the  same  manner.  We  think  that  the  movement  in  this 
case  may  bo  called  nyctitropic,  though  the  angle  passed  through 
was  small.  The  cotyledons  are  very  sensitive  to  light  and  will 
not  expand  if  exposed  to  an  extremely  dim  one. 

Anoda  Wrightii  (Malvacere).— The  cotyledons  whilst  moderately 
young,  and  only  from  -2  to  -3  inch  in  diameter,  sink  in  the 
evening  from  their  mid-day  horizontal  position  to  about  35° 
beneath  the  horizon.  But  when  the  same  seedlings  were  older 
and  had  produced  small  true  leaves,  the  almost  orbicular 
cotyledons,  now  '55  inch  in  diameter,  moved  vertically  downwards 
at  night.  This  fact  made  us  suspect  that  their  sinking  might 
be  due  merely  to  their  weight ;  but  they  were  not  in  the  least 
fljiccid,  and  when  lifted  up  sprang  back  through  elasticity  into 
their  former  dei)endent  position.  A  pot  with  some  old  seedlings 
was  turned  upside  down  in  the  afternoon,  before  the  noc- 
turnal fall  had  commenced,  and  at  night  they  assumed  in  op- 
position to  their  own  weight  (and  to  any  geotropic  action)  an 
upwardly  directed  vertical  position.  When  pots  were  thus 
reversed,  after  the  evening  fall  had  already  commenced,  the 
sinking  movement  appeared  to  be  somewhat  disturbed ;  but  all 
their  movements  were  occasionally  variable  without  any  apparent 
cause.  This  latter  fact,  as  well  as  that  of  the  young  cotyledons 
not  sinking  nearly  so  much  as  the  older  ones,  deserves  notica 
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Although  the  movement  of  the  cotyledons  endured  fur  a  long 
time,  no  pulvinus  was  exteriorly  visible;  but  their  growth 
eontinued  for  a  long  time.  The  cotyledons  appear  to  be  only 
slightly  heliotropic,  though  the  hypocotyl  is  strongly  so. 

(jossypiumurhortumi^)  (var.  Nankin  cotton)  (Malvaceae). — Tiie 
cotyledons  behave  in  nearly  the  same  manner  as  those  of  the 
Anoda.  On  Juno  15th  the  cotyledons  of  two  seedlings  were 
"65  inch  in  length  (measured  along  the  midrib)  and  stood  hori- 
sontally  at  noon;  at  10  p.m.  they  occupied  the  same  position 
and  had  not  fallen  at  all.  On  June  23rd,  the  cotyledons  of  one 
of  these  seetliings  were  11  inch  in  length,  and  by  10  p.m.  they 
had  fallen  from  a  horizontal  position  to  62^  beneath  the  horizon. 
The  cotyledons  of  the  other  seedling  wei'e  1*3  inch  in  length,  aud 
a  minute  true  leaf  had  been  formed ;  they  hod  fallen  at  10  p.m. 
to  70^  beneath  the  horizon.  On  June  2oth,  the  true  leaf  of  this 
latter  seedling  was  *9  inch  in  length,  and  the  cotyledons  occu- 
pied nearly  the  ^ame  position  at  night.  By  July  9th  the  cotyle- 
dons appeared  very  old  and  showed  signs  of  withering ;  but  they 
stood  at  noon  almost  horizontally,  and  at  10  p.m.  hung  down 
vertically. 

Gossypiam  htrhiceum. — It  is  remarkable  that  the  cotyledons  of 
this  species  behave  dififerently  from  those  of  the  last.  They  were 
observed  during  6  weeks  from  their  first  development  until 
they  had  grown  to  a  very  large  size  (still  appearing  fresh  and 
green),  viz.  2^  inches  in  breadth.  At  this  age  a  true  leaf  had 
been  formed,  which  with  its  petiole  was  2  inches  long.  During 
the  whole  of  these  6  weeks  the  cotyledons  did  not  sink  at  night ; 
yet  when  old  their  weight  was  considerable  and  they  were  borne 
by  much  elongated  petioles.  Seedlings  raised  from  some  seed 
sent  us  from  Naples,  behaved  in  the  same  manner ;  as  did  those 
of  a  kind  cultivated  in  Alabama  and  cf  the  Sea-island  cotton. 
To  what  species  these  three  latter  forms  belong  we  do  not  know. 
We  could  not  make  out  in  the  case  of  the  Naples  cotton,  that 
the  position  of  the  cotyledons  at  night  was  influenced  by  the 
soil  being  more  or  less  dry ;  care  being  taken  that  they  were 
not  rendered  flaccid  by  being  too  dry.  The  weight  of  the  large 
cotyledons  ot  the  Alabama  and  Sea-island  kinds  caused  them  to 
hang  somewhat  downwards,  when  the  pots  in  which  they  grew 
were  left  for  a  time  upside  down.  It  should,  however,  be 
observed  that  these  three  kinds  were  raised  in  the  middle  of 
the  winter,  which  sometimes  greatly  interferes  with  the  proper 
nyctitropic  movements  of  leaves  and  cotyledons. 
14 
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Cucurhitacece. — The  cotyledons  of  Cuctirhita  aurantia  and  ovi- 
/era,  and  of  Lagerviria  vulgaris,  stand  from  the  1st  to  the  3rd  daj 
of  their  life  at  about  60°  above  the  horizon,  and  at  night  rise  np 
so  as  to  become  vertical  and  in  close  contact  with  one  another. 
With  Cucumis  dudaim  they  stood  at  noon  at  45°  alx)ve  the  hori- 
zon, and  closed  at  night.  The  tips  of  the  cotyledons  of  all  these 
species  are,  however,  reflexed,  so  that  this  part  is  fully  exposed 
to  the  zenith  at  night ;  and  this  fact  is  opposed  to  the  belief 
that  the  movement  is  of  the  same  nature  as  that  of  sleeping 
plants.  After  the  first  two  or  three  days  the  cotyledons 
diverge  more  during  the  day  and  cease  to  close  at  night. 
Those  of  Trichosanthes  amjuina  are  somewhat  thick  and  fleshy, 
and  did  not  rise  at  night ;  and  they  could  perhaps  hardly  bo 
expected  to  do  so.  On  the  other  hand,  those  of  Acanihosicyos 
horrida*  present  nothing  in  their  appearance  opposed  to  their 
moving  at  night  in  the  same  manner  as  the  preceding  species ; 
yet  they  did  not  rise  up  in  any  plain  manner.  This  fact  leads 
to  the  belief  that  the  nocturnal  movements  of  the  above-named 
species  has  been  acquired  for  some  sjxxjial  purpose,  wliich  may 
be  to  protect  the  young  plumule  from  radiation,  by  the  close 
contact  of  the  whole  basal  portion  of  the  two  cotyledons. 

Gtranium  rotiindi/oUnm  (Geraniacef). — A  single  seedling  came 
up  accidentally  in  a  pot,  and  its  cotyledons  were  observed  to 
bend  perpendicularly  downwards  during  several  successive 
nights,  having  l)een  horizontal  at  noon.  It  grew  into  a  fine 
plant  but  died  before  flowering :  it  was  sent  to  Kew  and  pro- 
nounced to  lie  ceriainly  a  Geranium,  and  in  all  probability  the 
above-named  species.  This  case  is  remarkable  because  the 
cotyledons  of  0.  cinereum^  Endressii,  Ihericum^  Richardson^  and 
subciitiJ'  ncf-m  were  observed  during  some  weeks  in  the  winter, 
and  they  did  not  sink,  whilst  those  of  G.  Jb  ricum  rose  27°  at 
night. 

Aptum  petroselinum  (UmbellifcriK).—  A  seedling  had  its  coty- 
ledons (Nov.  22nd)  almost  fully  expanded  during  the  day ;  by 
8.30  P.M.  they  had  risen  considerably,  and  at  10.30  p.m.  wen* 
almost  closed,  their  tijis  being  only  yf^  of  an  inch  apart.  On 
the  following  morning  (23rd)  the  tips  were  -f^^  of  an  inch  apart, 
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or  mare  than  seven  times  as  much.  On  the  next  night  the 
cotyledons  occupied  nearly  the  same  position  as  before.  On  the 
morning  of  the  21th  they  stood  horizontally,  and  at  night  were 
60°  above  the  horizon ;  and  so  it  was  on  the  night  of  the  26th. 
But  four  days  afterwards  (on  the  29th),  when  the  seedlings 
were  a  week  old,  the  cotyledons  had  ceased  to  rise  at  night  to 
any  plain  degree. 

Apiurn  graueolens  — The  cotyledons  at  noon  were  horizontal, 
and  at  10  p.m.  stood  at  an  angle  of  61°  above  the  horizon. 

JMctuoi  scariUa  (Compositae). — The  cotyledons  whilst  young 
stood  sub-horizontally  during  the  day,  and  at  night  rose  so  as 
to  be  almost  vertical,  and  some  were  quite  vertical  and  closed ; 
but  this  movement  ceased  when  they  had  grown  old  and  large, 
after  an  interval  of  11  days. 

Hdianthus  anuutis  (Compositae). — This  case  is  rather  doubtful ; 
the  cotyledons  rise  at  night,  and  on  one  occasion  they  stood  at 
73®  above  the  horizon,  so  that  they  might  then  be  said  to  have 
been  asleep. 

Ipomoea  ccejnilei  vel  Fhirbitis  nil  (Convolvulacea)). — The  coty- 
ledons behave  in  nearly  the  same  manner  as  those  of  the  Ano  (a 
and  Nankin  cotton,  and  like  them  grow  to  a  large  size.  Whilst 
young  and  small,  so  that  their  blades  were  from  o  to  t)  of  an 
inch  in  length,  measured  along  the  middle  to  the  base  of  the 
central  notch,  they  remained  horizontal  both  during  the  middle 
of  the  day  and  at  night.  As  they  increased  in  size  they  began 
to  sink  more  and  more  in  the  evening  and  early  night;  and 
when  they  had  grown  to  a  length  (measured  in  the  above 
manner)  of  from  1  to  1-25  inch,  they  sank  between  55°  and  70° 
beneath  the  horizon.  They  acted,  however,  in  this  manner  only 
when  they  had  been  well  illuminated  during  the  day.  Never- 
theless, the  cotyledons  have  little  or  no  power  of  l)ending 
towards  a  lateral  light,  although  the  hyjx>cotyl  is  strongly  helio- 
tropic.  They  are  not  provided  with  a  pulviuus,  but  continue 
to  grow  for  a  long  time. 

J  porno  a  jurpur&L  (vcl  PharhUis  hisjivlu). — The  cotyledons 
behave  in  all  respects  like  those  of  /.  caruha.  A  seedling  with 
cotyledons  '75  inch  iu  length  (measured  as  before)  and  I'Go 
inch  in  breadth,  having  a  small  true  leaf  developed,  was  placed 
at  5  30  P.M.  on  a  klinostat  in  a  darkened  box,  so  that  neither 
weight  nor  geotropism  could  act  on  them.  At  10  p.m.  one  coty- 
ledon stood  at  77°  and  the  other  at  82°  beneath  the  horizon. 
Before  being  placed  in  the  klinostat  they  stood  at  16°  and  29*^ 
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beneath  tlie  horizon.  The  nocturnal  position  depends  chiefly 
on  the  curvature  of  the  petiole  close  to  the  blade,  but  the  whole 
petiole  becomes  slightly  curved  downwards.  It  deserves  notice 
tliat  seedlings  of  this  and  the  last-named  sx)ecies  were  raised  at 
the  end  of  February  and  another  lot  in  the  middle  of  March, 
and  the  cotyledons  in  neither  case  exhibited  any  nycti tropic 
fuovenient. 

Jjfom'ia  Ixma-nox. — The  cotyledons  after  a  few  days  grow  to 
an  enormous  size,  those  on  a  young  seedling  being  3i  inches 
in  breadth.  They  wore  extended  horizontally  at  noon,  and  at 
10  P.M.  stood  at  63°  beneath  the  horizon.  Five  days  aftei^ 
wards  they  were  4i  inches  in  breadth,  and  at  night  one  stood  at 
64°  and  the  other  48°  beneath  the  horizon.  Though  the  blades 
are  thin,  yet  from  their  great  size  and  from  the  petioles  being 
long,  we  imagined  that  their  depression  at  night  might  be 
determined  by  their  weight ;  but  when  the  pot  was  laid  hori- 
zontally, they  l)ecame  curved  towards  the  hypocotyl,  which 
movement  could  not  have  been  in  the  least  aided  by  their 
weight,  at  the  same  time  they  were  somewhat  twisted  upwards 
through  apogeotropism.  Nevertheless,  the  weight  of  the  coty- 
ledons is  so  far  influential,  that  when  on  another  night  the  pot 
was  turned  upside  down,  they  were  unable  to  rise  and  thus  to 
assume  their  proper  nocturnal  position. 

Jjyom'ia  cocci n&i. — The  cotyledons  whilst  young  do  not  sink 
at  night,  but  when  grown  a  little  older,  but  still  only  '4  inch  in 
length  (measured  as  iKjfore)  and  '82  in  breadth,  they  became 
greatly  depressed.  In  one  case  they  were  horizontal  at  noon, 
and  at  10  p.m.  one  of  them  stood  at  61:°  and  the  other  at  47° 
l)eneath  the  horizon.  The  blades  are  thin,  and  the  petioles, 
which  become  much  curved  down  at  night,  are  short,  so  that 
here  weight  can  hardly  have  produced  any  efifec^t.  With  all  the 
above  species  of  Ipomcea,  when  the  two  cotyledons  on  the  same 
seedling  were  unequally  depressed  at  night,  this  seemed  to 
depend  on  the  position  which  they  had  held  during  the  day 
with  reference  to  the  light. 

Sohihum  lycop  rsicum  (Solaneas).  —  The  cotyledons  rise  so 
much  at  night  as  to  come  nearly  in  contact.  Those  of  -S.  palina- 
canfhvm  were  horizontal  at  noon,  and  by  10  p.m.  had  risen  only 
*27°  30* ;  but  on  the  following  morning  before  it  was  light  they 
stood  at  59°  alx)ve  the  horizon,  and  in  the  afternoon  of  the  same 
d:iy  were  again  horizontal.  The  behaviour  of  the  cotyledons  of 
this  latter  sppcies  seems,  therefore,  to  be  anomalous. 


Chap.  VL       SLEEP  OF  COTYLEDONS.         307 

Mirabilis  jalapa  and  longiflora  (Nyctagineie).—  The  cotyledons, 
which  are  of  unequal  size,  stand  horizontally  during  the  middle 
of  the  day,  and  at  night  rise  up  vertically  and  come  into  close 
contact  with  one  another.  But  this  movement  with  M.  luntjijlvr  i 
lasted  for  only  the  three  first  nights. 

Btt^i  vulgaris  (Polygoneaj). — A  large  numlxjr  of  sec<^llings  were 
observed  on  three  occasions.  Dui'ing  the  day  the  cotyledons 
sometimes  stood  sub-horizou  tally,  but  more  commonly  at  an 
angle  of  about  50°  above  the  horizon,  and  for  the  first  two  or 
three  nights  they  rose  up  vertically  so  as  to  be  completely 
closed.  During  the  succeeding  one  or  two  nights  they  rose 
only  a  l.ttle,  and  afterwards  hardly  at  all. 

Amaranthus  cawJatus  (Amaranthactse). — At  noon  the  coty- 
ledons of  many  seedlings,  which  had  just  germinated,  stood  at 
about  45°  above  the  horizon,  and  at  10.15  p.m.  some  were  nearly 
and  others  quite  closed.  On  the  following  morning  they  were 
again  well  expanded  or  open. 

Cinnabis  sativn  (Canuabineffi).— Weare  very  doubtful  whether 
this  plant  ought  to  be  here  included.  The  cotyledons  of  a  large 
number  of  seedlings,  after  being  well  illuminated  during  the 
day,  were  curved  downwards  at  night,  so  that  the  tips  of  some 
pointed  directly  to  the  ground,  but  the  basal  part  did  not  appear 
to  be  at  all  depressed.  On  the  following  morning  they  were 
again  flat  and  horizontal.  The  cotyledons  of  many  other  seed- 
lings were  at  the  same  time  not  in  any  way  affected.  Therefore 
this  case  seems  very  different  from  that  of  ordinary  sleep,  and 
probably  comes  under  the  head  of  epinasty,  as  is  the  case  with 
the  leaves  of  this  plant  according  to  Kraus.  The  cotyledons  are 
heliotropic,  and  so  is  the  liyi)ocotyl  in  a  still  stronger  degree. 

Oxalis. — We  now  come  to  cotyledons  provided  with  a  pulvinus, 
all  of  which  are  remarkable  from  the  continuance  of  the  nocturnal 
movements  during  several  days  or  even  weeks,  and  apparently 
after  growth  has  ceased.  The  cotyledons  of  0.  rosea,  Jiorihunda 
and  articulata  sink  vertically  down  at  night  and  clasp  the  upper 
part  of  the  hypocotyl.  Those  of  0.  Valdiviana  and  smsUlva,  on 
thecontrary,  rise  vertically  up,  so  that  their  upper  surfaces  come 
into  close  contact ;  and  after  the  young  leaves  are  developed  these 
are  clasped  by  the  cotyledons.  As  in  tiie  daytime  they  stand  hori- 
zontally, or  are  even  a  little  deflected  beneath  the  horizon,  they 
move  in  the  evening  through  an  angle  of  at  least  90°.  Their 
^miplicated  circumnutating  movements  during  the  day  havf 
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been  dcscril)ed  in  the  first  chapter.  The  experiment  was  a 
superfluous  Dne,  but  pots  with  seedlings  of  0.  rosm  and  floribuntfa 
were  turned  upside  down,  as  soon  as  the  cotyledons  began  to 
show  any  signs  of  sleep,  and  this  made  no  dijBference  in  their 
movements. 

Leguminosct. — It  may  bo  sren  in  our  list  that  the  cotyledons 
of  several  species  in  nine  genera,  widely  distributed  through- 
out the  Family,  sleep  at  night ;  and  this  probably  is  the  case 
with  many  others.  The  cotyledons  of  all  these  specjes  are  pro 
vidcd  with  a  pulvinus;  and  the  movement  in  all  is  continued 
during  many  days  or  weeks.  In  Cassia  the  cotyledons  of  the 
ten  species  in  the  list  rise  up  vertically  at  night  and  come 
into  close  contact  with  one  another.  We  observed  that  those 
of  C.  ftorida  opened  in  the  morning  rather  later  than  thosQ  of 
(',  glauca  and  pubescens.  The  movement  is  exactly  the  same 
in  C,  mimosoides  as  in  the  other  species,  though  its  subsequently 
developed  leaves  sleep  in  a  dififcrcnt  manner.  The  cotyledons 
of  an  eleventh  species,  namely,  (\  nodosa^  are  thick  and  fleshy, 
and  do  not  rise  up  at  night.  The  circumnutation  of  the  coty- 
ledons during  the  day  of  C.  iora  has  been  described  in  the  first 
chapter.  Although  the  cotyledons  of  Smii?aa  smsitiva  rose  from 
a  horizontal  position  in  the  middle  of  the  day  to  a  vertical  one 
at  night,  those  of  S.  Pfundii,  which  are  thick  and  fleshy,  did  not 
sleep.  When  Afim'su  pudlca  and  ulbida  have  been  kept  at  a 
sufficiently  high  temperature  during  the  day,  the  cotyledons 
come  into  close  contact  at  night ;  otherwise  they  merely  rise  up 
almost  vertically.  The  circumnutation  of  those  of  M,  pvdica 
has  been  described.  The  cotyledons  of  a  Bauhinia  from  St. 
Catharina  in  Brazil  stood  during  the  day  at  an  angle  of  about 
6'v7°  above  the  horizon,  and  at  night  rose  to  77°;  but  it  is  pro- 
bable that  they  would  have  closed  completely,  if  the  seedlings 
had  l)een  kept  in  a  warmer  place. 

Lotus. — In  three  species  of  Lotus  the  cotyledons  were  observed 
to  sleep.  Those  of  L.  Jacobants  present  the  singular  case  of  not 
rising  at  night  in  any  consincuous  manner  for  the  first  5  or 
6  days  of  their  life,  and  the  pulvinus  is  not  well  developed  at 
this  period.  Afterwards  the  sleeping  movement  is  well  dis- 
played, though  to  a  variable  degree,  and  is  long  continued. 
We  shall  hereafter  meet  with  a  nearly  parallel  case  with  the 
leaves  of  Sida  rhomhifuHa,  The  cotyledons  of  X.  Oebelii  are 
only  slightly  raised  at  night,  and  differ  much  in  this  respec^ 
from  the  three  species  in  cur  list 
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Tri/iJlHm.—Tbe  germioation  of  21  epcciea  was  oliscrTcd,  Id 
most  of  them  the  cotjieilons  rise  harllT  &t  all,  or  on!v  slightl;. 
mt  night;  but  those  of  T.  >/hmfr-Uum,  itrinlum  and  I't.c.iki.ufun 
rose  from  45"  to  55'  above  the  horizon.  With  T.  i^hleiTannim, 
/eucaxM'-ninni  and  itriium,  they  stood  up  rertically;  and  with 
T.  ilrictum  the  rising' mo vcmo at  is  accoiii)uinied.  as  vcc  stall  fee, 
by  UDOther  movement,  which  makes  us  believe  thnt  t1i«  rising 
is  truly  njctitropia  Wo  did  not  earefuUy  ciamine  the  eoty- 
lc«lons  of  all  the  species  for  a  piilvinus,  but  this  organ  was 
distinctly  present  in  thoseof  71  •ubferr.inruin  and  ifnVf  urn;  whiUt 
there  was  no  trace  of  a  pul  vinos  ia  some  species,  for  instance,  in 
1'.  rtMU/'inrilum,  the  cotjledons  of  which  <lo  not  riiie  at  night 

Tri/ulium  iuAftrranrtim.— Tlie  blades  of  the  colyledons  on  the 
first  day  after  germination  (Nov.  21sl)  were  not  fully  expanded, 
being  inclined  at  about  35°  above  the  hori7on ;  at  niglit  they 
rose  to  about  75°.  Two  days  afterwanls  the  btailcs  at  noon 
were  horizontal,  with  the  petioles  highly  incUned  upwards; 
and  it  is  remarkable  that  the  nocturnal  niovcmetit  is  almost 
wholly  confined  to  the  blades,  being  effecled  by  the  pulviiius  at 
their  bases;  whilst  the  ])ctiolcB  rctam  day  nnd  niglit  nearly  the 
same  inclination.  On  this  night  (Nov.  23rd),  and  for  Rome  few 
Eucceeding  nights,  the  blades  rose  from  a  horizontal  into  a 
tertical  position,  and  then  became  bowed  inwards  at  about  nil 
averse  angle  of  10°;  so  tbat  they  had  passed  through  an  an|:le 
of  100°.  Their  tips  now  almost  touclied  one  another,  their 
bases  being  slightly  divergent  The  two  blades  thus  formtxl 
a  highly  inclined  roof  over  the  axis  of  the  seedling.  This 
movement  is  the  same  as  that  of  the  terminal  leaflet  of  the 
tripartite  leaves  of  many  species  of  Trifolium.  After  an  interval 
of  Ij  days  (Nov.  2atli)  the  blades  were  horizontal  during  tho 
day,  and  vertical  at  night,  and  now  they  were  no  longer  bowed 
inwards.  They  continued  to  move  in  the  same  manner  for  the 
following  two  months,  by  which  time  they  had  iiicrca.>'ed  greatly 
in  size,  their  petioles  being  no  less  than  'B  of  an  inch  in  length, 
and  two  true  leaves  bod  by  this  time  been  developed. 

Tri/Uium  ilricium.—Oa  tho  first  day  after  gcnuinntion  the 
cotyledons,  which  are  provided  with  a  pulviuiis,  stood  at  noon 
horizontally,  and  at  night  rose  to  only  about  45°  al)ove  the 
horizon.  Four  days  afterwards  tho  seedlings  were  again  ob- 
served at  night,  and  iww  the  blades  stood  vertically  and  were 
in  contact,  excepting  the  tips,  which  were  much  dtiflexcd,  so 
that  they  fiicod  the  zenitlL    At  this  agp  the  petioles  arc  ciirvoil 
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upwards,  and  at  night,  when  the  bases  of  the  blades  are  in  con- 
tact, the  two  petioles  together  form  a  vertical  ring  surrounding 
the  plumule.  The  cotyledons  continued  to  act  in  nearly  the  same 
manner  for  8  or  10  days  from  the  period  of  germination ;  but 
the  petioles  had  by  this  time  become  straight  and  had  increased 
much  in  length.  After  from  VI  to  14  days  the  first  simple  true 
leaf  was  formed,  and  during  the  ensuing  fortnight  a  remarkable 
movement  was  repeatedly  observed.  At  I.  (Fig.  1*25)  we  have 
a  sketch,  made  in  the  middle  of  the  day,  of  a  seedling  about 
a  fortnight  old.  The  two  cotyledons,  of  which  He  is  the 
light,  and  Lc  the  left  one,  stand  directly  opposite  one  another, 


Fig.  125. 


'^f^ 


1. 


111. 


Trifdium  strictum:  diurnal  and  nocturnal  positions  of  the  two  cotylelon* 
and  of  the  first  leaf.  I.  Seedling  viewed  obliquely  from  above,  during 
the  day:  Jic^  right  cotyledon;  JjC,  left  cotyledon;  F^  first  true  leaf. 
11.  A  rather  younger  seedling,  viewed  at  night:  lie,  right  cotyledon 
raised,  but  its  position  not  otherwise  changed ;  //C,  left  cotyledon  raided 
and  laterally  twisted ;  Fy  first  leaf  raised  and  twisted  so  as  to  face  the 
left  twisted  cotyledon.  III.  Same  seedling  viewed  at  night  from  the 
opposite  side.  The  back  of  the  first  leaf,  F^  is  here  shown  instciid  of 
the  front,  as  in  II. 

and  the  first  true  leaf  (F)  projects  at  right  angles  to  them.  At 
night  (see  II.  and  III.)  the  right  cotyledon  (He)  is  greatly 
raised,  but  is  not  otherwise  changed  in  position.  The  left 
cotyledon  (Lc)  is  likewise  raised,  but  it  is  also  twisted,  so  that 
its  blade,  instead  of  exactly  facing  the  opposite  one,  now  stands 
at  nearly  right  angles  to  it  This  nocturnal  twisting  movement 
is  effected  not  l)y  means  of  the  pulvinus,  but  by  the  twisting  of 
the  whole  length  of  the  petiole,  as  could  be  seen  by  the  curved 
line  of  its  upper  concave  surface.  At  the  same  time  the  true 
leaf  (F)  rises  up,  so  as  to  stand  vertically,  or  it  even  passes  the 
vertical  and  is  inclined  a  little  inwarJa  It  also  twists  a  little, 
by  which  means  the  upper  surface  of  its  blade  fronts,  and 
almost  comes  into  contact  with,  the  upper  surface  of  the  twisted 
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wft  cotyledon.  This  seems  to  be  the  object  gained  by  those 
singnlar  moyements.  Altogether  20  seedliDgs  were  examined  on 
Buccessiye  nights,  and  in  19  of  them  it  was  the  left  cotyledon 
alone  which  became  twisted,  with  the  true  leaf  always  so  twisted 
that  its  upper  surface  approached  closely  and  fronted  that  of  the 
left  cotyledon.  In  only  one  instance  was  the  right  cotyledon 
twisted,  with  the  true  leaf  twisted  towards  it;  but  this  seedling 
was  in  an  abnormal  condition,  as  the  left  cotyledon  did  not  rise 
up  properly  at  night.  This  whole  case  is  remarkable,  as  with 
the  cotyledons  of  no  other  plant  have  we  seen  any  nocturnal 
movement  except  vertically  upwards  or  downwards.  It  is  the 
more  remarkable,  because  we  shall  meet  with  an  analogous  case 
in  the  leaves  of  the  allied  genus  Meli lotus,  in  which  the  ter- 
minal leaflet  rotates  at  night  so  as  to  present  one  edge  to  the 
zenith  and  at  the  same  time  bends  to  one  side,  so  that  its  upper 
surface  comes  into  contact  with  that  of  one  of  the  two  now  ver- 
tical lateral  leaflets. 

Concluding  Remarks  on  the  Ni/cfitrojnc  Movements  oj 
Cotyledons. — The  sleep  of  cotyledons  (though  this  is  a 
subject  which  has  been  little  attended  to),  seems  to  be 
a  more  common  phenomenon  than  that  of  leaves.  We 
observed  the  position  of  the  cotyledons  during  the  day 
and  night  in  153  genera,  widely  distributed  through- 
out  the  dicotyledonous  series,  but  otherwise  selected 
almost  by  hazeird;  and  one  or  more  species  in  26  of 
these  genera  placed  their  cotyledons  at  night  so  as 
to  stand  vertically  or  almost  vertically,  having  gene- 
rally moved  through  an  angle  of  at  least  60°.  If  we 
lay  on  one  side  the  Leguminosaj,  the  cotyledons  of 
which  are  particularly  liable  to  sleep,  140  genera 
remain ;  and  out  of  these,  the  cotyledons  of  at  least  one 
species  in  19  genera  slept.  Now  if  we  were  to  select 
by  hazard  140  genera,  excluding  the  Legnminosoe,  and 
observed  their  leaves  at  night,  assuredly  not  nearly 
80  many  as  19  would  be  found  to  include  sleeping 
species.  We  here  refer  exclusively  to  the  plants 
observed  bv  ourselves. 


312  MODIFIED  CIRCUMNUTATION.  Chap.  VI 

In  our  entire  list  of  seedlings,  there  are  30  genera, 
belonging  to  16  Families,  the  cotyledons  of  which  in 
some  of  the  species  rise  or  sink  in  the  evening  or 
early  night,  so  as  to  stand  at  least  60"^  above  or  .be- 
neath the  horizon.  In  a  large  majority  of  the  genera, 
namely,  24,  the  movement  is  a  rising  one;  so  that 
the  same  direction  prevails  in  these  nyctitropic  move- 
ments as  in  the  lesser  periodic  ones  described  in  the 
second  chapter.  The  cotyledons  move  downwards 
during  the  early  part  of  the  night  in  only  G  of  the 
genera;  and  in  one  of  them.  Cannabis,  the  curving 
down  of  the  tip  is  probably  due  to  epinasty,  as  Kraus 
believes  to  be  the  case  with  the  leaves.  The  down- 
ward movement  to  the  amount  of  90^  is  very  decided 
in  Oxalis  Valdhnana  and  sensiiiva,  and  in  Geranium 
rotundifoUum.  It  is  a  remarkable  fact  that  with  Anoda 
Wrightii,  one  species  of  Gossypium  and  at  least  3 
species  of  Ipomoea,  the  cotyledons  whilst  young  and 
light  sink  at  night  very  little  or  not  at  all ;  although 
this  movement  becomes  well  pronounced  as  soon  as 
they  have  grown  large  and  heavy.  Although  the 
downward  movement  cannot  be  attributed  to  the 
weight  of  the  cotyledons  in  the  several  cases  which 
were  investigated,  namely,  in  those  of  the  Anoda, 
Ipomoea  purpurea  and  hona-iiox,  nor  in  that  of  I  coo- 
cinea,  yet  bearing  in  mind  that  cotyledons  are  con- 
tinually circumnutating,  a  slight  cause  might  at  first 
have  determined  whether  the  great  nocturnal  move- 
ment should  be  upwards  or  downwards.  We  may 
therefore  suspect  that  in  some  aboriginal  member  of 
the  groups  in  question,  the  weight  of  the  cotyledons 
first  determined  the  downward  direction.  The  fact  of 
the  cotyledons  of  these  species  not  sinking  down  much 
whilst  they  are  young  and  tender,  seems  opposed  to 
the  belief  that  the  greater  movement  when  they  are 
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grown  older,  has  been  acquired  for  the  suke  of  pro- 
tecting tliem  &om  radiation  at  night ;  but  then  we 
should  remember  that  there  are  many^  plants,  the 
leaves  of  which  sleep,  whilst  the  cotyledons  do  not ; 
and  if  in  some  cases  the  leaves  are  protected  from  cold 
at  night  whilst  the  cotyledons  are  not  protected,  bo  in 
other  cases  it  may  be  of  more  importance  to  the  species 
that  the  nearly  full-grown  cotyledons  should  be  better 
protected  than  the  young  ones. 

In  all  the  species  of  Oxalis  observed  by  ua,  the  coty- 
ledons eire  provided  with  pulvini ;  but  this  organ  has 
become  more  or  less  rudimentary  in  0.  comiculata, 
and  the  amount  of  upward  movement  of  its  cotyledons 
at  night  is  very  variable,  but  is  never  enough  to  be 
called  sleep.  We  omitted  to  ascertain  whether  the 
cotyledons  of  Geranium  rotundifdium  possess  pulvini. 
Ill  the  Leguminosro  all  the  cotyledons  which  sleep,  as 
far  as  we  have  seen,  are  provided  with  pulvini.  But 
with  liotua  Jacobmus,  these  are  not  fully  developed 
during  the  first  few  days  of  the  life  of  the  seedling, 
uid  the  cotyledons  do  not  then  rise  much  at  night. 
With  Trifolium  strtdum  the  blades  of  the  cotyledons 
rise  at  night  by  the  aid  of  their  pulvini ;  whilst  the 
petiole  of  one  cotyledon  twists  balf-round  at  the  same 
time,  independently  of  its  pulvinus. 

As  a  general  rule,  cotyledons  which  are  provided 
with  pulvini  continue  to  rise  or  sink  at  night  during 
a  much  longer  period  than  those  destitute  of  this  organ. 
In  thip  latter  case  the  movement  no  doubt  depends  on 
alternately  greater  growth  on  the  upper  and  lower  side 
of  the  petiole_j  or  of  the  blade,  or  of  both,  preceded 
probably  by  the  increased  tnrgescence  of  the  growing 
cells.  Such  movements  generally  last  for  a  very 
short  period — for  instance,  with  Brassica  and  Githago 
for  4  or  5  nights,  with  Beta   for  2  or  3,  and  with 
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Raphanus  for  only  a  single  night.  There  are,  however, 
some  strong  exceptions  to  this  rule,  as  the  cotj  leduns 
of  Gossypium,  Anoda  and  Ipomoea  do  not  possess  pul- 
vini,  yet  continue  to  move  and  to  grow  for  a  long  time. 
We  thought  at  first  that  when  the  movement  lasted  for 
only  2  or  3  nights,  it  could  hardly  be  of  any  service 
to  the  plant,  and  hardly  deserved  to  be  called  sleep ; 
but  as  many  quickly-growing  leaves  sleep  for  only  a 
few  nights,  and  as  cotyledons  are  rapidly  developed 
and  soon  complete  their  growth,  this  doubt  now  seems 
to  us  not  well-founded,  more  especially  as  these  move- 
ments are  in  many  instances  so  strongly  pronounced. 
We  may  here  mention  another  point  of  similarity 
between  sleeping  leaves  and  cotyledons,  namely,  that 
some  of  the  latter  (for  instance,  those  of  Cassia  and 
Githago)  are  easily  affected  by  the  absence  of  light; 
and  they  then  either  close,  or  if  closed  do  not  open ; 
whereas  others  (as  with  the  cotyledons  of  Oxalis)  are 
very  little  affected  by  light.  In  the  next  chapter  it 
will  be  shown  that  the  nyctitropic  movements  both 
of  cotyledons  and  leaves  consist  of  a  modified  form  of 
circumnutation. 

As  in  the  Leguminosae  and  Oxalidce,  the  leaves  and 
the  cotyledons  of  the  same  species  generally  sleep,  the 
idea  at  first  naturally  occurred  to  us,  that  the  sleep 
of  the  cotyledons  was  merely  an  early  development  of 
a  habit  proper  to  a  more  advanced  stage  of  life.  But 
no  such  explanation  can  be  admitted,  although  there 
seems  to  be  some  connection,  as  might  have  been 
expected,  between  the  two  sets  of  cases.  For  the 
loaves  of  many  plants  sleep,  whilst  their  cotyledons  do 
not  do  so — of  which  fact  Vesmodium  gyrans  offers  a 
good  instance,  as  likewise  do  three  species  of  Nico- 
tiana  observed  by  us;  also  Sida  rhombifolia,  AbtUUon 
Darwinii,  and   Chenopodium  album.      On  the   other 
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hand,  the  cotyledons  of  some  plants  sleep  and  not  the 
leayesy  as  with  the  species  of  Beta,  Biassiea,  Geranium, 
Apiom,  Solannm,  and  Mirabilis,  named  in  oar  list. 
Still  more  striking  is  the  fact  that,  in  the  same  genus, 
the  leaTes  of  scTeral  or  of  all  the  species  may  sleep, 
but  the  cotrledons  of  onlr  some  of  them,  as  occurs 
with  Trifolium,  Lotus,  Gossypium,  and  panially  with 
Oxalis.  Again,  when  both  the  cotyledons  and  the 
leaTCS  of  the  same  plant  sleep,  their  movements  may 
be  of  a  widelr  dissimilar  nature  :  thus  with  Cassia  the 
cotyledons  rise  vertically  np  at  night,  whilst  their 
leaves  sink  down  and  twist  round  so  as  to  turn  their 
lower  sur£eu!es  outwards.  With  seedlings  of  Oxalis 
Valdiviana^  having  2  or  3  well-developeil  leaves,  it 
was  a  carious  spectacle  to  behold  at  night  each  leaflet 
folded  inwards  and  hanging  perpendicularly  down- 
wards, whilst  at  the  same  time  and  on  the  same  plant 
the  cotyledons  stood  verticaUy  upwards. 

These  several  facts,  showing  the  independence  of 
the  nocturnal  movements  of  the  leaves  and  cotvledons 
on  the  same  plant,  and  on  plants  belonging  to  the 
same  genus,  lead  to  the  belief  that  the  cotyledons  have 
acquired  their  power  of  movement  for  some  special 
purpose.  Other  facts  lead  to  the  same  conclusion, 
such  as  the  presence  of  pulvini,  by  the  aid  of  which 
the  nocturnal  movement  is  continued  during  some 
weeks.  Li  Oxalis  the  cotyledons  of  some  species 
move  vertically  upwards,  and  of  others  vertically 
downwards  at  night ;  but  this  great  difference  within 
the  same  natural  genus  is  not  so  surprising  as  it 
may  at  first  appear,  seeing  that  the  cotyledons  of  all 
the  species  are  continually  oscillating  up  and  down 
during  the  day,  so  that  a  small  cause  might  determine 
whether  they  should  rise  or  sink  at  night.  Again,  the 
peculiar  nocturnal  movement  of  the  left-hand  coty- 
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ledon  of  Trifolium  strictum,  in  combination  with  that 
of  the  first  true  leaf.  Lastly,  the  wide  distribution  in 
the  dicotyledonous  series  of  plants  with  cotyledons 
wliich  sleep.  Reflecting  on  these  several  facts,  our 
conclusion  seems  justified,  that  the  nyctitropic  move- 
ments of  cotyledons,  by  which  the  blade  is  made  to 
stand  either  vertically  or  almost  vertically  upwards 
or  downwards  at  night,  has  been  acquired,  at  least 
in  most  cases,  for  some  special  purpose ;  nor  can  wt> 
doubt  that  this  purpose  is  the  protection  of  the  upper 
surface  of  the  blade,  and  perhaps  of  the  central  bud 
or  plumule,  from  radiation  at  night. 
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CHAPTER  VIL 

MoDirxED  CiRcr MxvTA'nox :  Ntctitropto  or  Sleep  Movembnis  of 

Leaves. 

CoiiditiuDsiKoessaryror  these  mnvements — List  of  Genera  and  Familie^, 
which  include  sleeping  plants — Description  of  the  movements  in 
the  several  Gene:a — Oxalis:  leaflets  fildcd  at  nii^^ht— Averrhoa : 
rapid  movements  of  the  leaflets — Porlie*ia:  leaflets  close  when 
plant  kept  very  dry — Trr»pieolum :  leaves  do  not  sleep  unless  wt  ll 
illuminated  during  day — Lupinus:  various  modes  of  sh'eping — 
Melilotus:  singular  movements  of  terminal  leaflet— Trifolium — 
Desmodium:  rudimentary  lateral  leaflets,  movements  of,  nut  de- 
veloped on  young  plants,  state  of  their  pulvini — Cassia :  complex 
movements  t»f  the  leaflets — Bauhinia:  Iftivcs  folded  at  night — 
Mimosa  pudica:  compounded  movements  of  leaves,  etf«:t  of  daik- 
ness — Mimosa  albida,  reduced  leaflets  of — Schrankia:  downward 
movement  of  the  pinnsB — Marsile.i :  the  only  crypti>gam  known  to 
sleep — Concluding  re-marks  and  summary — Nyctitropism  consists 
of  modified  circumnutation,  regulated  by  the  alternatiitns  of  light 
and  darkness — Siiape  of  first  true  leaves. 

We  now  come  to  the  nyctitropic  or  sleep  move- 
ments of  leaves.  It  should  be  remembered  that  we 
confine  this  term  to  leaves  which  place  their  blades 
at  night  either  in  a  vertical  position  or  not  more  than 
30°  from  the  vertical, — that  is,  at  least  60^  above  or 
beneath  the  horizon.  In  some  few  cases  this  is 
efiTected  by  the  rotation  of  the  blade,  the  petiole  not 
being  either  raised  or  lowered  to  any  considerable 
extent.  The  limit  of  30°  from  the  vertical  is  obviously 
an  arbitrary  one,  and  has  been  selected  for  reasons 
previously  assigned,  namely,  that  when  the  blade 
approaches  the  perpendicular  as  nearly  as  this,  only 
half  as  much  of  the  surface  is  exposed  at  night  to  the 
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zenith  and  to  free  radiation  as  when  the  blade  is 
horizontal.  Nevertheless,  in  a  few  instances,  leaves 
which  seem  to  be  prevented  by  their  structure  from 
moving  to  so  great  an  extent  as  60^  above  or  beneath 
the  horizon,  have  been  included  amongst  sleeping 
plants. 

It  should  be  premised  that  the  nyctitropic  movt^- 
ments  of  leaves  are  easily  affected  by  the  conditions 
to  which  the  plants  have  been  subjected.  If  the  ground 
is  kept  too  dry,  the  movements  are  much  delayed 
or  fail :  according  to  Dassen,*  even  if  the  air  is 
very  dry  the  leaves  of  Impatiens  and  Malva  are 
rendered  motionless.  Carl  Kraus  has  also  lately 
insisted  t  on  the  great  influence  which  the  quantity  of 
water  absorbed  has  on  the  periodic  movements  of 
leaves ;  and  he  believes  that  this  cause  chiefly  deter- 
mines the  variable  amount  of  sinking  of  the  leaves  of 
Polygonum  convolvulus  at  night ;  and  if  so,  their  move- 
ments are  not  in  our  sense  strictly  nyctitropic.  Plants 
in  order  to  sleep  must  have  been  exposed  to  a  proper 
temperature :  Erythrina  crista-galli,  out  of  doors  and 
nailed  against  a  wall,  seemed  in  fairly  good  health, 
but  the  leaflets  did  not  sleep,  whilst  those  on  another 
plant  kept  in  a  wtirm  greenhouse  were  all  vertically  de- 
pendent at  night.  In  a  kitchen-garden  the  leaflets  of 
tliaseolus  vulgaris  did  not  sleep  during  the  early  part 
of  the  summer.  Ch.  Royer  says,{  referring  I  suppose 
to  the  native  plants  in  France,  that  they  do  not  sleep 
when  the  temperature  is  below  5^  C.  or  41®  F.  In 
the  case  of  several  sleeping  plants,  viz.,  species  of 


♦  Dassen,  '  Tijilschrift  vor.  Na-  Dot'  (5th  series),  ix.  1868,  p.  345. 

turlijke  Gresch.  en   Pbysiologie,'  t  *  Beitriige   zur  Kentuiss  der 

1837,  voL  iv.  p.  lOG.     Seo  aldo  Bew( guiigen,*    &c.,    in    •Flora,' 

Ch.  Royer  on  the  importance  of  a  1879,  pp.  42,  43,  67,  &c. 

proper  state  of  turgosocnce  of  the  %  *  Annal.  des  Sc.  Nat.  Boi.' 

cells,   in  'Annal.   da   8o.   Nat.  (5th  Series),  ix.   1868  p..H66. 
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Tropaeolum,  Lupinus,  Ipomoea,  Abutilon,  Siegesbeckia, 
and  probably  other  genera,  it  is  indispensable  that 
the  leaves  should  be  well  illuminated  during  the  day 
in  order  that  they  may  assume  at  night  a  vertical 
position  ;  and  it  was  probably  owing  to  this  cause 
that  seedlings  of  Clienopodium  album  and  Siegesbeckia 
orientalis,  raised  by  us  during  the  middle  of  the  winter, 
though  kept  at  a  proper  temperature,  did  not  sleep. 
Lastly,  violent  agitation  by  a  strong  wind,  during  a 
few  minutes,  of  the  leaves  of  Maranta  arundinacea 
(which  previously  had  not  been  disturbed  in  the  hot- 
house), prevented  tlieir  sleeping  during  the  two  next 
nights. 

We  will  now  give  our  observations  on  sleeping 
plants,  made  in  the  manner  described  in  the  Intro- 
duction. The  stem  of  the  plant  was  always  secured 
(when  not  stated  to  the  contrary)  close  to  the  base  of 
the  leaf,  the  movements  of  which  were  being  observed, 
so  as  to  prevent  the  stem  from  circumnutating.  As 
the  tracings  were  made  on  a  vertical  glass  in  front  of 
the  plant,  it  was  obviously  impossible  to  trace  its 
course  as  soon  as  the  leaf  became  in  the  evening 
greatly  inclined  either  upwards  or  downwards;  it 
must  therefore  be  understood  that  the  broken  lines 
in  the  diagrams,  which  represent  the  evening  and 
nocturnal  courses,  ought  always  to  be  prolonged  to  a 
much  greater  distance,  either  upwards  or  downwards, 
than  appears  in  them.  The  conclusions  which  may  bo 
deduced  from  our  observations  will  be  given  near  the 
end  of  this  chapter. 

In  the  following  list  all  the  genera  which  include 
sleeping  plants  are  given,  as  far  as  known  to  us.  The 
same  arrangement  is  followed  as  in  former  cases,  and 
the  number  of  the  Family  is  appended.  This  list 
possesse-s  some  interest,  as  it  shows  that  the  habit  of 
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sleeping  is  common  to  some  few  plants  throughout 
the  whole  vascular  series.  The  greater  number  of  the 
genera  in  the  list  have  been  observed  by  ourselves 
with  more  or  less  care ;  but  several  are  given  on  the 
authority  of  others  (whose  names  are  appended  in  the 
list),  and  about  these  we  have  nothing  more  to  say. 
No  doubt  the  list  is  very  imperfect,  and  several  genera 
might  have  been  added  from  the  *Somnus  Plantarum' 
by  Linnaeus ;  but  we  could  not  judge,  in  some  of  his 
cases,  whether  the  blades  occupied  at  night  a  nearly 
vertical  position.  He  refers  to  some  plants  as  sleeping, 
for  instance,  Lathyrus  odorattis  and  Viciafaba,  in  which 
we  could  obser\'e  no  movement  deserving  to  be  called 
sleep,  and  as  no  one  can  doubt  the  accuracy  of  Linnaeus, 
we  are  left  in  doubt. 


J.ist  of  (Icut-ra^  indndhnj  sptcits  the  huveii  (/  whvh  slttp. 


Class  I.  DICOTVLKDONS. 

Sub-clas.s  I.  AXGIOSPCRMS. 

Genus.  \  Fami/y, 

Caryophylleac  (20). 


»> 


Portuliicea?  (27). 
Malvaceae  (30). 


Githago 

Slellaria  (Biitalin). 

Portulaca        (Ch.^ 
Royer).  / 

Siila. 

Ahutilon. 

Malva      (Linnaeus^ 
and  Pfoffer).      / 

Hibiscuii         (Lin-1 
njcus). 

Anoda. 

(iossypium. 

Ayeuia  (Linna?us).    ;  Slerculaceie  (37). 

Irintnfetta  (Lin- 
naeus). 

Linum  (Batalin).      ,  I.lnea?  (39). 

Oxaiis.  Oxalida;  (41). 

Averrhoa. 

Porlieria. 

(juiacum. 

Impatiens  (I.in- 
nseus,  Pf«  I'er, 
Batnlin) 


•} 


■)•' 


niiacoa  (38). 


»» 


Zygophyllenc  (45). 
»> 

Bal.samiueo'  (^S). 


Sub-class  I.  Angiospe&US — continued. 

Genus,  Family. 

Trop.Tolum.  Tropaeoleac  (49). 

Orotolaria  (Thisel-^   Lcgumiuoso!     (75 


ton  Dvcr). 
Lupin  us. 
Cytisus. 
Trigunella. 
Medicago. 
Melilotus. 
Trifoliura. 
Securigera. 
Lotus. 
Psoralea. 
Amorpha        (Da* 

chnrtre). 
Da.' lea. 
Indigofera. 
Tephrosia, 
Wistaria. 
Kobinia. 
Spharophysa. 
Colutea. 
Astragalus. 
Glycyrrhiza. 
Coronilla. 
Hcdysarum. 


•} 


Tribe  JL 


} 


»» 

»» 

»1 

Tr.  'ilL 

«» 

»» 

»» 

»> 

»» 

»» 

Tr.'*IV. 

n 

Tr.  V. 

>« 

r» 

»» 

♦• 

»t 

t* 

»» 

»♦ 

»» 

i» 

»» 

f* 

t» 

f* 

f» 

n 

f» 

f» 

Tr.H-L 

tt 

tt 
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List  of  Genera  (continued). 


Class  I.  DICOTYLEDONS  (contin^itd). 
Sab-clau  L  Abgiosperms. 


Genus, 

OnobrjchU. 

Smithia. 

Arachis. 

De^iin  odium. 

Uraoia. 

Vicia. 

CeDtrosema. 

Amphicarpan. 

Glvcine. 

Erythrinm. 

Apios. 

Phaseolus. 

Sophora. 

Cjesalpinia. 

Haematoxylon. 

Gleditsciiia     (Du- 

cbartre). 
Poinciana. 
CuAsia. 
Bauhinia. 
Tamarind  uf. 
Adenanthera. 
Prosopis. 
Neptunio. 
Mimosa. 
Schrankia. 
Acacia. 
Albizzia. 
Uelaleuca(nouche). 


Familif, 
/Legaminu.<je   (7.'>) 


I 


) 


»» 

n 
f* 

»» 

M 

n 
»f 

n 
n 
>♦ 
f» 
rt 
f> 
>♦ 
n 

ti 

M 
M 

»» 
» 
>» 
l» 

♦  » 


Tr.  VI. 


II 


»« 


»» 


I* 


Tr.  VII. 
Tr.VllI. 


II 
i» 
II 

II 


II 
Tr.  X. 

Tr.  XJII. 


II 


II 


Tr.XIV. 
Tr.  XV. 
Tr.  XVI. 
Tr.  XX. 

M 
II 

II 


Tr.XXII. 
Tr.  XXllI. 
Myrtaceae  (94). 


Sub-class  I.  AXGioePFiiis  (contimutd) 


Gef-us. 

-£nothera 
Qsus). 
Fassitiora. 
Siegesbeckia. 

Ipomoea. 

Nicotiana. 
Mira  bills. 
Polygonum     (iia- 
tklin). 

Amaranth  us 


Chenopoilium. 
Pimelia  (Bouche). 
Euphorbia. 
Phyllanthus(Pfer 
fer). 


Famiy, 

^      '  i ,  Onagrariex  (100) 

Pass:florac«c(10'i). 
ComptKsita;  (122). 
jCoDvolTulaces 
I     (151). 
Solanea?  (1^7). 
Nyctaginex  (177)l 

I   Polygoneae  (179). 

jAmaranthacea 
I     (180). 

Chenopotliea*  (181) 
Thyraeteae  (188). 
Euphorbiacex  (202} 


} 


II 


Sub-class  J  I.   GVM-NOPPERMS. 
Abies  (Chatiu). 

Class  II.  MONOCOTYLEDONS. 

Cannaccae  (21). 


Thalia. 
Maranta. 
Colocasia. 
Strophium 


II 


Aroidoffi  (30). 
Gramiuea:  (55). 


Cl.\ss  III.  ACOTYLEDONS. 
Marsilea.  Marsileacea;  (4). 


Oithago  segetum  (Caryopliylleaj). — Tho  first  leaves  produced 
by  young  seedlings,  rise  up  and  close  together  at  night.  On  a 
rather  older  seedling,  two  young  leaves  stood  at  noon  at  55° 
above  the  horizon,  and  at  night  at  86°,  so  each  had  risen  31°. 
The  angle,  however,  was  less  in  some  cases.  Similar  observations 
were  occasionally  made  ofi  young  leaves  (for  the  older  ones  moved 
very  little)  produced  by  nearly  full-grown  plants.  Batalin 
says  (*  Flora,'  Oct.  1st,  1873,  p.  437)  that  the  young  leaves  of 
Stellaria  close  up  so  completely  at  night  that  they  form  together 
great  buds. 

Sida  (MalvacesB). — The  nyctitropic  movements  of  tho  leaves 
in  this  genus  are  remarkable  in  some  respects.    Batalin  inform! 


322 


BIODIFIED  CIRCUMNUTATION. 


Chap.  VIL 


08  (see  also  'Flora/  Oct.  let,  1873,  p.  437)   that   those  of 

S,  napcea  fall  at  night,  but 


Fig.  126 
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Sida  rhom^nfolii :  circura nutation  and 
nyctitropic  (or  sleep)  niorcments  of 
a  leaf  on  a  young  plant,  9^  inches 
hijfh ;  filament  fixed  to  midrib  of 
nearly  full-grown  leaf,  2J  inches  in 
length  ;  movement  traced  under  a  sky- 
light. Apex  of  leaf  .')|  inches  from 
the  vertical  glass,  so  diagram  not 
greatly  enlarged. 


to  what  auglo  he  cannot 
remember.  The  leaves  of 
-S.  rhonibifolia  and  retusa,  on 
the  other  hand,  rise  np 
vertically,  and  are  pressed 
against  the  stem.  We  have 
therefore  here  within  the 
same  genus,  directly  op- 
ix>site  movements.  Again, 
the  leaves  of  S,  rhombt/olia 
are  furnished  with  a  pul- 
vinus,  formed  of  a  mass  of 
small  cells  destitute  of  chlo- 
rophyll, and  with  their 
longer  axes  perpendicular 
to  the  axis  of  the  petiole. 
As  measured  along  this 
latter  line,  these  cells  are 
only  ^th  of  the  length  of 
those  of  the  petiole;  but 
instead  of  being  abruptly 
separated  from  them  (as  is 
usual  with  the  pulvinus  in 
most  plants),  they  graduate 
into  the  larger  cells  of  the 
petiole.  On  the  other  hand, 
s.  napcea,  according  to  Ba- 
talin,  does  not  possess  a 
pulvinus;  and  he  informs 
us  that  a  gradation  may  he 
traced  in  the  several  species 
of  the  genus  between  these 
two  states  of  the  petiole. 
Hd(i  rhtmhifdia  presents 
another  peculiarity,  of  which 
wo  have  seen  no  other  in- 
stance with  leaves  that 
sleep:    for  those  on    very 


young  plants,  though  they 
rise  somewhat  in  the  evening,  do  not  go  to  sleep,  as  wb  observed 
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on  Beveral  occosioDS ;  whilst  those  on  rather  older  plants  sleep 
in  a  conspicuons  manner.  For  instance,  a  leaf  (-85  of  an  inch 
in  length)  on  a  very  young  seedling  2  inches  high,  stood  at  noon 
9®  aboTe  the  horizon,  and  at  10  p.m.  at  28°,  so  it  had  risen  only 
19°;  another  leaf  (1*4  inch  in  length)  on  a  seedling  of  the 
sanae  height,  stood  at  the  same  two  i)eriods  at  7°  and  32°,  and 
therefore  had  risen  25°.  These  leaves,  which  moved  so  little, 
had  a  fairly  well-developed  pulvinus.  After  an  interval  of  some 
weeks,  when  the  same  seedlings  were  2i  and  3  inches  in  height, 
some  of  the  young  leaves  stood  up  at  night  quite  vertically,  and 
others  were  highly  inclined ;  and  so  it  was  with  bushes  which 
were  fully  grown  and  were  flowering. 

The  movement  of  a  leaf  was  traced  from  9.15  a.m.  on 
May  28th  to  8.30  a.m.  on  the  30th.  The  temperature  was  too 
low  (15° — 16°  C),  and  the  illumination  hardly  sufficient ;  con- 
sequently the  leaves  did  not  become  quite  so  highly  inclined  at 
night,  as  they  had  done  previously  and  as  they  did  subse- 
quently in  the  hot-house ;  but  the  movements  did  not  apj>ear 
otherwise  disturbed.  On  the  first  day  the  leaf  sank  till 
5.15  P.M.;  it  then  rose  rapidly  and  greatly  till  10.5  p.m.,  and 
only  a  little  higher  during  the  rest  of  the  night  (Fig.  126). 
Early  on  the  next  day  (29th)  it  fell  in  a  slightly  zigzag  line 
rapidly  until  9  a.m.,  by  which  time  it  had  reached  nearly  the 
same  place  as  on  the  previous  morning.  During  the  remainder 
of  the  day  it  fell  slowly,  and  zigzagged  laterally.  The  evening 
rise  began  after  4  p.m.  in  the  same  manner  as  before,  and  on 
the  second  morning  it  again  fell  rapidly.  The  ascending  and 
descending  lines  do  not  coincide,  as  may  be  seen  in  the  diagram. 
On  the  30th  a  new  tracing  was  made  (not  here  given)  on  a 
rather  enlarged  scale,  as  the  apex  of  the  leaf  now  stood  9  inches 
from  the  vertical  glass.  In  order  to  observe  more  carefully  the 
course  pursued  at  the  time  when  the  diurnal  fall  changes  into 
the  nocturnal  rise,  dots  were  made  every  half-hour  between 
4  P.M.  and  10.30  p.m.  This  rendered  the  lateral  zigzagging 
movement  during  the  evening  more  conspicuous  than  in  the 
diagram  given,  but  it  was  of  the  same  nature  as  there  shown. 
The  impression  forced  on  our  minds  was  that  the  leaf  was 
expending  superfluous  movement,  so  that  the  great  nocturnal 
rise  might  not  occur  at  too  early  an  hour. 

Ahutilon  Darwinii  (Malvaceffi). — The  leaves  on  some  very 
jonng  plants  stood  almost  horizontally  during  the  day,  and 
hnng  down  vertically  at  night.     Very  fine  pla:its  kept  in  a 
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IftTge  hall,  lighted  only  from  the  roof,  did  not  sleep  at  night» 
for  in  order  to  do  8o  the  leaves  must  be  well  illuminated  during 
the  day.  The  cotyledons  do  not  sleep.  LinnsBUS  says  that  the 
leaves  of  his  Sidt  ahutilun  sink  perpendicularly  down  at  night, 
though  the  jxjtioles  rise.  Prof.  Pfeffer  informs  us  that  the 
leaves  of  a  Malva,  allied  to  M.  sylvstris,  rise  greatly  at  night; 
and  this  genus,  as  well  as  that  of  Hibiscus,  are  included  by 
Linnseus  in  his  list  of  sleeping  plants. 

Anoda  Wrightli  (Malvaceas). — The  leaves,  produced  by  very 
young  plants,  when  grown  to  a  moderate  size,  sink  at  night 
either  almost  vertically  down  or  to  an  angle  of  about  45°  beneath 
the  horizon ;  for  there  is  a  considerable  degree  of  variability  in 
the  amount  of  sinking  at  night,  wliich  depends  in  part  on  the 
degree  to  wliich  they  have  been  illuminated  during  the  day. 
But  the  leaves,  whilst  quite  young,  do  not  sink  down  at  night, 
and  this  is  a  very  unusual  circumstance.  The  summit  of  the 
petiole,  whore  it  joins  the  blade,  is  developed  into  a  pulvinus, 
and  this  is  present  in  very  young  leaves  which  do  not  sleep ; 
though  it  is  not  so  well  defined  as  in  older  leaves. 

Oossyjnum  (var.  Nankin  cotton,  Mai vacePB).— Some  young 
leaves,  l^etween  1  and  2  inches  in  length,  borne  by  two  seedlings 
6  and  7i  inches  in  height,  stood  horizontally,  or  were  raised  a 
little  above  the  horizon  at  noon  on  July  8th  and  9th ;  but  by 
10  P.M.  they  had  sunk  down  to  between  68°  and  90°  beneath 
the  horizon.  When  the  same  plants  had  grown  to  double 
the  above  height,  their  leaves  stood  at  night  almost  or  quite 
vertically  dependent.  The  leaves  on  some  large  plants  of 
G.  nuiritintum  and  Jirfizihnse,  which  were  kept  in  a  very  badly 
lighted  hot-house,  only  occasionally  sank  much  downwards 
at  night,  and  hardly  enough  to  be  called  sleep. 

Ojaalis  (Oxalidffi).—  In  most  of  the  species  in  this  large  genus 
the  three  leaflets  sink  vertically  down  at  night;  but  as  their 
sub-petioles  are  short  the  blades  could  not  assume  this  position 
from  the  want  of  space,  unless  they  were  in  some  manner  ren- 
dered narrower;  and  this  is  effected  by  their  becoming  more 
or  less  folded  (Fig.  127).  The  angle  formed  by  the  two  halves 
of  the  same  leaflet  was  found  to  vary  in  different  individuals  of 
several  species  l)etween  92°  and  l.!.0°;  in  three  of  the  best 
foiled  leaflets  of  O,  fragrana  it  was  76°,  74°,  and  64°.  The 
angle  is  often  different  in  the  three  leaflets  of  the  same  leaf. 
As  the  leaflets  sink  down  at  night  and  become  folded,  theii 
lower  surfaces  are  brought  near  together  (see  B),  or  even  into 
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close  contact ;  and  from  this  circumstance  it  might  be  thought 
that  the  object  of  the  folding  was  the  protection  of  their  lower 
surfaces.  If  this  had  been  the  case,  it  would  have  formed 
a  strongly  marked  exception  to  the  rule,  that  when  there  is  any 
difference  in  the  degree  of  protection  from  radiation  of  the  two 
surfaces  of  the  leaves,  it  is  always  the  ui)per  surface  which  is 
the  best  protected.  But  that  the  fol  ling  of  the  leaflets,  and 
consequent  mutual  approximation  of  their  lower  surfaces, 
serves  merely  to  allow  them  to  sink  down  vertically,  may  be 

Fig.  l.>7. 


A.  B. 

Oxaiia  acetoscfla  :  A,  leaf  8«ea  from  vertically  above  ;  B,  diagram  of  leaf 

asl*tep,  also  heeo  tVom  vertically  above. 

inferred  from  the  fact  that  when  the  leaflets  do  not  radiate 
from  the  summit  of  a  common  petiole,  or,  again,  when  there  is 
plenty  of  room,  from  the  sub-petioles  not  being  very  short,  the 
leaflets  sink  down  without  becoming  folded.  This  occurs  with 
the  leaflets  of  0.  sensitiva,  Flumierii,  and  bupJenri/olia, 

There  is  no  use  in  giving  a  long  list  of  the  many  species 
which  sleep  in  the  above  described  manner.  This  holds  good 
with  species  having  rather  fleshy  leaves,  like  those  of  O,carnos(i, 
or  large  leaves  like  those  of  0.  OrtijesH^  or  four  leaflets  like 
those  of  0.  variabilis.  There  are,  however,  some  species  which 
show  no  signs  of  sleep,  viz.,  0.  pf'ht"phi/Ua,  t^int-dphyUa,  hirta, 
and  rubella.  We  will  now  describe  the  nature  of  the  movements 
in  some  of  the  species. 

Oxiilis  acetosel In. —The  movement  of  a  leaflet,  toj^ethcr  with 
that  of  the  main  petiole,  arc  shown  in  the  following  dia- 
gram (Fig.  128),  traced  l)etween  11  a.m.  on  Octolxir  4th  and 
7.45  A.M.  on  the  5th.  After  5.30  p.m.  on  the  4th  the  leaflet  sank 
rapidly,  and  at  7  p.m.  depended  vertically.  Fn  some  time 
before  it  assumed  this  latter  position,  its  movements  could,  of 
course,  no  longer  be  traced  on  the  vertical  glass,  and  the 
broken  line  in  the  diagram  ought  to  be  extended  much  farther 
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down  in  this  and  all  othor 
cases.  By  6.45  a.m.  on  the 
following  morning  it  had 
rison  considerably,  and  con- 
tinued to  rise  for  the  next 
hour;  but,  judging  from 
other  observations,  it  would 
soon  have  begun  to  fall  again. 
Between  11  a.m.  and  5.30  p.m. 
the  leaflet  rooYod  at  least  four 
times  up  and  four  times 
down  before  the  great  noc- 
turnal fall  commenced;  it 
reached  its  highest  point  at 
noon.  Similar  observations 
were  maile  on  two  other 
leaflets,  with  neiirly  the  same 
results.  Sachs  and  Pfeflfer 
have  also  described  briefly* 
the  autonomous  movements 
of  the  leaves  of  this  plant 

On  another  occasion  the 
petiole  of  a  leaf  was  secured 
to  a  little  stick  close  beneath 
the  leaflets,  and  a  filament 
tipped  with  a  bead  of  sealing- 
wax  was  afBxed  to  the  mid- 
rib of  one  of  them,  and  a 
mark  was  placed  close  behind. 
At  7  P.M.,  when  the  leaflets 
were  asleep,  the  filament  de- 
pended vertically  down,  and 
the  movements  of  the  hesA 
were  then  traced  till  10.40 
P.M.,  as  shown  in  the  fol- 
lowing diagram  (Fig.  129). 


uvctitropic  movements  of  a  nearly  ^Ve  here  SCO  that  the  leaflet 
full-growa    leaf,  with  filament  at-  moved  a  little  from  side  to 

tached  to  the  mi.liib  of  one  of  the   gjjo^  ^^  ^g]]   ^g  ^   ^HXq  up 
leariet. ;  traced  on  vertical  glass  dur-  ^^^  ^  ^^^^^^  ^j 

ing  20  h.  4j  m.  '  *^ 


•  S.chs  in  *  Flora/  1863,  p.  470,  Ac;  PfeflTer,  *  Die  Period.  Bewe- 
(Cungen/  Ac,  1875.  p.  •'^3. 
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OralU   Valdiuiafta.—The  leaves  resemble  those  of  the  last 
species,  and  the  moyements  of  two  leaflets  (the  main  petioles  of 
both  having  been  secured)  were 
traced  during  two  days;    but  the  F"'?.  1-9. 

tiacini^  are  not  given,  as  they 
resembled  that  of  0.  acttosella,  with 
the  exception  that  the  up  and 
down  oscillations  were  not  so  fre- 
quent during  the  day,  and  there  OxiUs  acct  sella:  circumnutji- 
VBs  more  lateral  movement,  so  that      J'^°  ^/*  '*'^'*''^  '*'^*^"  ,**'^T''  * 

-         J  ,..  J  .»     1  tracwl      on      vertical      elasi 

broader  ellipses  were  described.  during  3  h.  40  m. 
The  leaves  awoke  early  in  the  morn- 
ing, for  by  6.45  a.m.  on  June  12th  and  13th  they  had  not  only 
risen  to  their  full  height,  but  had  already  begun  to  fall,  that  is, 
they  were  circumnutating.  We  have  seen  in  the  last  chapter 
that  the  cotyledons,  instead  of  sinking,  riise  up  vertically  at 
night 

OxcUia  Ort&jesii. — The  large  leaves  of  this  plant  sleep  like 
those  of  the  previous  species.  The  main  petioles  are  long,  and 
that  of  a  your.g  leaf  rose  20°  between  noon  and  10  p.m.,  whilst 
the  petiole  of  an  older  leaf  rose  only  13°.  Owing  to  this  rising 
of  the  petioles,  and  the  vertical  sinking  of  the  large  leaflets, 
the  leaves  become  crowded  together  at  night,  and  the  whole 
plant  then  exposes  a  much  smaller  surface  to  radiation  than 
daring  the  day. 

OxaliB  Plumierii. — In  this  species  the  three  leaflets  do  not 
surround  the  summit  of  the  petiole,  but  the  tcnninal  leaflet 
projects  in  the  line  of  the  petiole,  with  a  lateral  leaflet  on  each 
side.  They  all  sleep  by  bending  vertically  downwards,  but 
do  not  become  at  all  folded.  The  petiole  is  rather  long,  and, 
one  having  been  secured  to  a  stick,  the  movement  of  the  terminal 
leaflet  was  traced  during  45  h.  on  a  vertical  glass.  It  moved 
in  a  very  simple  manner,  sinking  rapidly  after  5  p.m.,  and 
rising  rapidly  early  next  morning.  During  the  middle  of  the  day 
it  moved  slowly  and  a  little  laterally.  CDnsequently  the  ascend- 
ing and  descending  lines  did  not  coincide,  and  a  single  great 
ellipse  was  formed  each  day.  There  was  no  other  evidence  of 
circumnutation,  and  this  fact  is  of  interest,  as  we  shall  here- 
after sea 

Oocalis  fensitiva. — The  leaflets,  as  in  the  last  species,  bend 
▼ertically  down  at  night,  without  becoming  folded.    The  much 
elongated  main  petiole  rises  considerably  in  the  evening,  bnt  io 
15 
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Rome  very  young  plants  the  rise  did  not  commence  until  lata 
at  night.  We  have  seen  that  the  cotyledons^  instead  of  sink- 
ing like  the  leaflets^  rise  up  vertically  at  night. 

Oxalis  bupieuri/olia, — This  species 
is  rendered  remarkable  by  the  petioles 
l)eing  foliaceous,  like  the  phyllodes 
of  many  Acacias.  The  leaflets  are 
hmall,  of  a  paler  green  and  more 
tender  consistence  than  the  folia- 
ccous  petioles.  The  leaflet  which  was 
obser^-ed  was  '55  inch  in  length,  and 
was  borne  l^y  a  petiole  2  inches  long 
and  '3  inches  broad.  It  may  l)o 
suspected  that  the  leaflets  are  on  the 
road  to  abortion  or  obliteration,  as 
has  actually  occurred  with  those  of 
another  Brazilian  species,  0,  rusci- 
fonnis.  Nevertheless,  in  the  present 
species  the  nyctitropic  movements 
are  perfectly  |)erfonned.  The  folia- 
ceous  jx^tiole  was  first  ol)served 
during  48  h.,  and  found  to  be  in 
continued  circunmutation,  as  shown 
in  tlie  accompanying  figure  (Fig. 
130).  It  rose  during  the  day  and 
early  part  of  the  night,  and  fell 
during  the  remainder  of  the  night 
and  early  morning;  but  the  movo- 

iiquJlyrorosVen.li.f  petiole;  ™ent  was  not  sufficient  to  be  called 
moveineuts  traced  on  ver-  sleep.  The  ascending  and  descend- 
ticul  glas>  tVom  9  A.M.  June    jng  lin'es  did  not  coincide,  so  that  an 

26!  h   to     8.50    A.M.     28th.        „.  «  j  i.  j  rm 

Ap..x  of  leaflet  4i  inches  ellipse  was  formed  each  day.  There 
from  the  gla8.s,  so  movement  was  but  little  zigzagging;  if  the 
not  much  magnified.    Plant    filament  had  been  fixed  longitudi- 

l:r' •.Ivi.'' Te.'„7'^';?!  "-"y.  ^«  «h°"'d  P^^a^y  ^ave  seen 
244®  c.  that  there  was  more  lateral  move- 

ment than  appears  in  the  diagram. 
A  terminal  leaflet  on  another  leaf  was  next  observed  (the 
petiole  being  secured),  and  its  movements  are  shown  in 
Fig.  131.  During  the  day  the  leaflets  are  extended  horizon- 
tally, and  at  night  depend  vertically ;  and  as  the  petiole  rises 
during  the  day  the  leaflets  hav<)  to  bend  down  in  the  evening 
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aiitatioii    of    t'uliaceous    pe- 
tiole,    (ilanient     fixc<i      ol> 


SLEEP  OF  LEATE& 


more  thaa  90°,  bo  as  to  asanme  at  night  their  vertical  positioo. 
On  tho  first  day  the  leaflet  sintp)?  moTed  up  atHi  do\m ;  ou  the 


noond  day  it  plainly  circnmnnUted  between  y  a.m.  and  4.80  pa, 
ttfler  which  honr  the  great  evening  bll  commenced. 
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Averrhoa  bilimbi  (OialiilEE).— It  hafl  IjngbceE  known/  firstly, 
that  tlie  leafieU  iu  thia  genus  sleepy  seoondly,  that  the;  move 
Kpoatfkncoualy  during  thu  <tay;  and  thirdly,  that  they  are  sensi- 
tive to  a  touch;  but  in  none  c£  these  respects  do  they  diffet 
essentially  from  the  speciuB  of  Oialia.  They  differ,  however,  m 
Mr.  £.  I.  Lynch  t  has  lately  shown,  iu  their  spontoneoos  move- 
meuta  l>cing  strongly  marked.  In  the  ease  of  A.  bilimbi.  it  is  a 
wonderful  Bpuetacle  to  behold  on  a  warm  sunny  day  the  lea&eta 
one  after  the  other  sinking  rapidly  downwards,  and  again 
ascending  slowly.  Tlicii  inOTOments  rival  those  of  i)«H)iodiitni 
qt/i-ans.    At  night  the  leaflets  hang  verlieally  down ;  itnd  now 

Fig.  132. 


At«rr\vi  aiimbi :  Uiafiukcp;  dnwiog  rtduntd. 


they  are  motionleRs,  hut  this  may  !«  dne  to  the  oppr^site  onaa 
being  pressed  together  (Fig.  132).  The  main  petiole  is  in  con- 
stant moTemcnt  during  the  day,  but  no  careful  obserTations  wew 
made  on  it.  Tlie  following  diagrams  are  graphic  representa- 
tions of  the  varialioiiH  in  the  angle,  which  a  given  leaflet  makes 
with  the  vertical.  The  observations  were  made  as  follows. 
The  plant  growing  in  a  |X)t  «as  kept  iu  a  high  tciuperatnie, 
the  petiole  of  the  leaf  to  lie  obK'rved  pointing  straight  at 
the  observer,  being  Bcpamted  from  hiin  by  a  vettical  pane  of 
glass.  The  j>etiole  was  neenrcd  s<)  that  the  basal  joint,  or  pul- 
TinuB,  of  one  of  the  lateral  IcafletH  was  at  the  centre  of  a  gradti- 
ated  arc  placed  clo^c  lichind  the  leaflet.  A  fine  glaaa  filament 
was  fixed  to  the  leaf,  so  as  t-j  jirojcel  like  a  continuation  of  the 
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midrib.    This  filament  acted  ns  an  indes;  and  as  t)ie  leaf  rose 

and  fell,  rotating  about  its  basal  joint,  its  angular  moTement 

Fig.  133. 


■r 
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to  avoid  errors  of  parallax,  all  readings  were  made  by  looking 
through  a  small  ring  painted  on  the  vertical  glass,  in  a  line 
with  the  joint  of  the  leadiet  and  the  centre  of  the  gradnated  arc. 
In  the  following  diagrams  the  ordinates  represent  the  angles 
which  the  leaflet  made  with  tbe  vertical  at  successive  instants.* 
It  follows  that  a  fall  in  the  curve  represents  an  actual  dropping 
of  the  leaf,  and  that  the  zero  line  represents  a  vertically  de- 
pendent position.  Fig.  133  represents  the  nature  of  the  move- 
ments which  occur  in  the  evening,  as  soon  as  the  leaflets  begin 
to  assume  their  nocturnal  position.  At  4.55  pm.  the  leaflet 
formed  an  angle  of  85^  with  the  vertical,  or  was  only  5^  below 
the  horizontal ;  but  in  order  that  the  diagram  might  get  into 
our  page,  the  leaflet  is  represented  falling  from  75^  instead 
of  85°.  Shortly  after  6  p.m.  it  hung  vertically  down,  and  had 
attained  its  nocturnal  position.  Between  6.10  and  6.35  pjl  it 
performed  a  number  of  minute  oscillations. of  about  2°  each, 
occupying  periods  of  4  or  5  m.  The  complete  state  of  rest  of 
the  leaflet  which  ultimately  followed  is  not  shown  in  the  dia- 
gram. It  is  manifest  that  each  oscillation  consists  of  a  giadnal 
rise,  followed  by  a  sudden  ML  Each  time  the  leaflet  Ml,  it 
approached  nearer  to  the  nocturnal  position  than  it  did  on  tbe 
previous  fall.  The  amplitude  of  the  oscillations  diminished, 
while  the  periods  of  oscillation  became  shorter. 

In  bright  sunshine  the  leaflets  assume  a  highly  inclined  de- 
pendent position.  A  leaflet  in  diffused  light  was  observed  rising 
for  25  m.  A  blind  was  then  pulled  up  so  that  the  plant  was 
brightly  illuminated  (BR  in  Fig.  134),  and  within  a  minute  it 
began  to  fall,  and  ultimately  fell  47°,  as  shown  in  the  diagram. 
This  descent  was  performed  by  six  descending  steps,  precisely 
similar  to  those  by  which  the  nocturnal  fall  is  effected.  The 
plant  was  then  again  sliaded  (SH),  and  a  long  slow  rise  occurred 
until  another  series  of  falls  commenced  at  BR',  when  the  sun 
was  again  admitted.  In  this  experiment  cool  air  was  allowed 
to  enter  by  the  windows  being  opened  at  the  same  time  that 
the  blinds  were  pulled  up,  so  that  in  spite  of  the  sun  shining 
on  the  plant  the  temperature  was  not  raised. 

Tbe  effect  of  an  increase  of  tempeniture  in  diffused  light  is 

*  In  all  the  diagrams  1  mm.  in  mcnt     In  Figs.  133  and  134  the 

the  htjrizontul direction  represents  tompcrnture  is  represented  (along 

one  minute  of  time.     Knoh  mm.  t.ie  ordinates)  in  the  scale  of  1 

in   the   vertiiiil  din-ction   repn*-  mm.  to  each  0*1°  0.     In   Fig. 

•ents  one  degree  of  an^lar  move-  I:i5  each  mm.  equals  0*20  F. 
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sbowD  in  Fig.  135.  The  temperature  began  to  rise  st  11  35 
A.M.  (in  conseqnence  of  the  fite  being  Ughled),  but  by  12.42  a 
marked  fall  bad  occurred.  It  may  be  seen  in  the  diagram  that 
when  the  lempeiatuie  was  highest  there  were  nipid  oecillationa 


of  small  amplitude,  the  menn  poeilion  of  the  leaflet  l)eing  at  the 
time  nearer  the  Tertical.  Wlien  tlie  temperature  began  to  full, 
the  oscillations  became  slower  and  1a[^er,and  the  mean  position 
of  tbe  leaf  again  approached  the  honzontal.  The  rate  of  oscil- 
latjon  was  sometimes  quicker  than  is  rcprceented  in  the  nbaTO 
diagram.    Thns,  when  the  temperature  was  between  31°  and 
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Fig.  135. 
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Fig.  13«. 


82°  C,  14  oecillations  of  a  few  degrees  occurred  in  19  m.  On 
the  other  hand,  an  oscillation  may  be  much  slower ;  thus  a  leaflet 
was  ohsenred  (tem{)erature  2o^  C.)  to 
rise  daring  40  m.  before  it  fell  aud 
oompleted  its  oscillation. 

Forliaria  kygronrntria  (Zyjroph  vlle«) 
— ^The  leaves  of  this  plant  (Chili  m 
form)  are  from  1  to  1}  inclies  in  length, 
and  bear  as  many  as  16  or  17  small 
leaflets  on.  each  side,  which  do  not 
stand  opposite  one  another.  Tlicy  are 
articulated  to  the  petiole,  and  the 
petiole  to  the  branch  by  a  pulvinus. 
We  most  premise  that  apjiarently  two 
forms  are  confounded  under  the  same 
name :  the  leaves  on  a  bush  from  Chili, 
which  was  sent  to  us  from  Kcw,  l)ore 
many  leaflets,  whilst  those  on  plants 
in  the  Botanic  Garden  at  Wiirzburg 
bore  only  8  or  9  pairs ;  and  the  whole 
character  of  the  bushes  appeared  some- 
what different  We  shall  also  see  that 
they  differ  in  a  remarkable  physio- 
logical peculiarity.  On  the  Chilian 
plant  the  petioles  of  the  younger  leaves 
on  upright  branches,  Rto(Kl  horizontally 
daring  the  day,  and  at  night  Bank 
down  vertically  so  as  to  depend  parallel 
and  close  to  the  branch  beneath.  The 
petioles  of  rather  older  leaves  did  not 
become  at  night  vertically  depressed, 
but  only  highly  inclincHi.  In  one 
instance  we  found  a  branch  which  had  I'oUrii  hy/j,vmctric  i :  nr- 
gfown  perpendicularly  downwards,  cumnutntion  an-l  nvcti- 
and  the  petioles  on  it  moved  in  the  same 
direction  relatively  to  the  branch  as 
just  stated,  and  therefore  moved  up- 
wards. On  horizontal  branches  the 
younger  petioles  likewise  move  at  night 
in  the  same  direction  as  l)efore,  that  is, 
towards  the  branch,  and  are  consequently  then  extended  hori- 
^ntally;  but  it  is  remarkable  that  the  older  petioles  on  the 


tru}MC  movements  of  pe- 
tiole of  leaf,  traoeil  fmm 
9.35  A.M.  July  7th  to 
about  midni^^ht  on  the 
8th.  A{)ox  of  leaf  7^ 
inches  from  tlic  vertioal 
gljus.  Temj..  19|^-20i°C. 
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same  branch,  though  moving  a  little  in  the  same  direction,  also 
bend  downwards ;  they  thas  occupy  a  somewhat  different  posi- 
tion, relatively  to  the  centre  of  the  earth  and  to  the  branch,  from 
that  of  the  petioles  on  the  upright  branches.  With  respect  to 
the  leaflets,  they  move  at  night  towards  the  apex  of  the  petiole 
until  their  midribs  stand  nearly  parallel  to  it;  and  they  then 
lie  neatly  imbricated  one  over  the  other.  Thus  half  of  the  upper 
surface  of  each  leaflet  is  in  close  contact  with  half  of  the  lower 
surface  of  the  one  next  in  advance;  and  all  the  leaflets,  except- 
ing the  basal  ones,  have  the  whole  of  their  upper  surfaces  and 
half  of  their  lower  surfaces  well  protected.  Those  on  the  oppo- 
site sides  of  the  same  petiole  do  not  come  into  close  contact 
at  night,  as  occurs  with  the  leaflets  of  so  many  Leguminoss, 
but  are  separated  by  an  open  furrow ;  nor  could  they  exactly 
coincide,  as  they  stand  alternately  with  respect  to  one  another. 

The  circumnutation  of  the  petiole  of  a  leaf  i  of  an  inch  in 
length,  on  an  upright  branch,  was  observed  during  06  h., 
and  is  shown  in  the  preceding  diagram  (Fig.  136).  On  the 
flrst  morning,  the  leaf  fell  a  little  and  then  rose  until  1  p.m  , 
and  this  was  probably  due  to  its  being  now  illuminated  through 
a  skylight  from  above;  it  then  circumnutated  on  a  very  small 
scale  round  the  same  spot  until  about  4  p.m.,  when  the  great 
evening  fall  commenced.  During  the  latter  part  of  the  night  or 
very  early  on  the  next  morning  the  leaf  rose  again.  On  the 
second  day  it  fell  during  the  morning  till  1  p.m.,  and  this  no 
doubt  is  its  normal  habit.  From  1  to  4  p.m.  it  rose  in  a  zigzag 
line,  and  soon  afterwards  the  great  evening  fall  commenced.  It 
thus  completed  a  double  oscillation  during  the  24  h. 

The  specific  name  given  to  this  plant  by  Kuiz  and  Pavon,  indi- 
cates that  in  its  native  arid  home  it  is  aflected  in  some  manner 
by  the  dryness  or  dampness  of  the  atmosphere.*  In  the  Botanic 
Garden  at  Wurzburg,  there  was  a  plant  in  a  pot  out  of  dooi-s 
which  was  daily  watered,  and  another  in  the  open  ground  which 
was  never  watered.  After  some  hot  and  dry  weather  there  was 
a  great  difference  in  the  state  of  the  leaflets  on  these  two  plants; 
those  on  the  unwatered  plant  in  the  open  ground  remaining  half, 


•  *Sy8tema  Vcg.  Flor»  Peru-  about    its    power    of    foretcll'ng 

vianffi  et  Chilensis,'  torn.  i.  p.  95,  changes  in  the  weather;   and  it 

1798.     We  cannot  understtind  the  appeiirs  as  if  the  briglitness  of  the 

account  given  by  the  authors  of  sky  largely  dLtermined  tbo  open* 

the  behuviou^^  of  this  pLint  in  its  ing  ami  closing  of  the  Icatieta. 
native    home      There    is    much 
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or  even  quite,  closed  daring  the  day.  But  tirigs  ent  from  thic 
bosh,  with  their  ends  standing  in  water,  or  wholly  immersed  in 
it,  or  kept  in  damp  air  under  a  bell-glass,  opened  their  leares 
though  exposed  to  a  blazing  sun;  whilst  those  on  the  plant 
in  the  ground  remained  closed.  The  lefives  on  this  same  plant, 
after  some  heaTy  rain,  remained  open  for  two  days ;  they  then 
became  half  closed  duriog  two  days,  and  after  an  additional 
day  were  quite  closed.  This  plant  was  now  copiously  watered, 
and  on  the  following  morning  the  leaflets  were  fully  ex- 
panded. The  other  plant  growing  in  a  pot,  after  having  been 
expo^  to  heavy  rain,  was  placed  before  a  window  in  the  Labo- 
ratory, with  its  leaflets  open,  and  they  remained  so  during  the 
daytime  for  48  h. ;  but  after  an  additional  day  were  half  closed. 
The  plant  was  then  watered,  and  the  leaflets  on  the  two  following 
days  remained  open.  On  the  third  day  they  were  again  half 
closed,  but  on  being  again  watered  remained  open  during  the 
two  next  days.  From  these  several  facts  we  may  conclude  that 
the  plant  soon  feels  the  want  of  water;  and  that  as  soon  as  this 
occurs,  it  partially  or  quite  closes  its  leaflets,  which  in  their 
then  imbricated  condition  expose  a  small  surface  to  evaporation. 
It  is  therefore  probable  that  this  sleep-like  movement,  which 
occurs  only  when  the  ground  is  dry,  is  an  adaptation  against 
the  loss  of  moisture. 

A  bush  about  4  feet  in  height,  a  native  of  Chili,  which  was 
thickly  covered  with  leaves,  behnved  very  differently,  for  during 
the  day  it  never  closed  its  leaflets.  On  July  6th  the  earth  ir 
the  small  pot  in  which  it  grew  appeared  extremely  dry,  and 
it  was  given  a  very  little  waiur.  After  21  and  22  days  (on 
the  27th  and  28th),  during  the  whole  of  which  time  the  plant 
did  not  receive  a  drop  of  water,  the  leaves  began  to  droop,  but 
they  showed  no  signs  of  closing  during  the  day.  It  appeared 
almost  incredible  that  any  plant,  except  a  fleshy  one,  could 
have  kept  alive  in  soil  so  dry,  which  resembled  the  dust  on 
a  road.  On  the  29th,  when  the  bush  was  shaken,  some  leaves 
fell  off,  and  the  remaining  ones  were  unable  to  sleep  at  night. 
It  was  therefore  moderately  watered,  as  well  as  syringed,  late  in 
the  evening.  On  the  next  morning  (30th)  the  bush  looked  as  fresh 
as  ever,  and  at  night  the  leaves  went  to  sleep.  It  may  he  added 
that  a  small  branch  while  growing  on  the  bush  was  enclosed, 
by  means  of  a  curtain  of  bladder,  during  13  days  in  a  large 
bottle  half  full  of  quicklime,  so  that  the  air  within  must  have  been 
intensely  dry ;  yet  the  leaves  on  this  branch  did  not  suffer  in  the 
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least,  and  did  Dot  close  at  all  during  the  hottest  da3's.  Aiiothei 
trial  was  mode  with  the  same  bush  on  August  2nd  and  6th  (the  soil 
appearing  at  this  latter  date  extremely  dry),  for  it  was  exposed 
out  of  doors  during  the  whole  (lay  to  the  wind,  but  the  leaflets 
showed  no  signs  of  closing.  The  Chilian  form  therefore  dififers 
widely  from  the  one  at  Wiirzburg,  in  not  closing  its  leaflets 
when  suffering  from  the  want  of  water;  and  it  can  live  for  a 
surprisingly  long  time  without  water. 

Tropceolum  mijus  (?)  (cultivated  var.)  (TropsBolece). — Several 
plants  in  pots  stood  in  the  greenhousp,  and  the  blades  of 
the  leaves  which  fared  the  front-lights  were  during  the  day 
highly  inclined  and  at  night  vertical;  whilst  the  leaves  on 
the  back  of  the  pots,  though  of  course  illuminated  through 
the  roof,  did  not  become  vertical  at  night.  We  thought,  at  first, 
that  this  difference  in  their  positions  was  in  some  manner 
due  to  heliotropism,  for  the  leaves  are  highly  heliotropic.  The 
true  explanation,  however,  is  that  unless  they  are  well  illu- 
minated during  at  least  a  part  of  the  day  they  do  not  sleep  at 
night;  and  a  little  difference  in  the  degiee  of  illumination  deter- 
mines whether  or  not  they  shall  become  vertical  at  night.  We 
have  observed  no  other  so  well-marked  a  case  as  this,  of  the 
influence  of  previous  illumination  on  nyctitropic  movements. 
The  leaves  present  also  another  peculiarity  in  their  habit  of 
rising  or  awaking  in  the  morning,  being  more  strongly  fixed  or 
inherited  than  that  of  sinking  or  sleeping  at  night.  The  move- 
ments are  caused  by  the  l>ending  of  an  upper  part  of  the  petiole, 
between  }  and  1  inch  in  length  ;  but  the  part  close  to  the  blade, 
for  about  i  of  an  inch  in  length,  does  not  bend  and  always 
remains  at  right  angles  to  the  blade.  The  bending  portion  does 
not  present  any  external  or  internal  difference  in  structure 
from  the  rest  of  the  petiole.  We  will  now  give  the  exixiriments 
on  which  the  al)Ove  conclusions  are  founded. 

A  large  pot  vith  several  plants  was  brought  on  the  morning 
of  Sept.  3rd  out  of  the  greenhouse  and  placed  before  a  north-east 
window,  in  the  same  position  as  before  with  respect  to  the  light, 
as  far  as  that  was  ]X)ssible.  On  the  front  of  the  plants,  24  leaves 
were  marked  with  thread,  some  of  which  had  their  blades  hori- 
zontal, but  the  greater  number  w^ere  inclined  at  a1x)ut  45°, 
beneath  the  horizon;  at  night  all  these,  without  exception, 
l>ecume  vertical.  Early  on  the  following  morning  (4th)  they 
reassumed  their  former  positions,  and  at  night  again  became 
vor^jcal.    On  the  5th  the  shutters  were  opened  at  6.15  A.M.,  and 
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by  8  18  A.M.,  after  the  leaves  had  been  illuminated  for  2  h.  3  m., 
and  had  acquired  their  dinmal  position,  they  were  placed  in  a 
dark  cnpboard.  They  were  looked  at  twice  during  the  day  and 
thrice  in  the  evening,  the  last  time  at  10  30  p.m.,  and  not  one  had 
become  vertical.  At  8  a-m.  on  the  following  morning  (6th)  they 
still  retained  the  same  diurnal  position,  and  were  now  replaced 
before  the  north-east  window.  At  night  all  the  leaves  whicn 
had  &cod  the  light  had  their  petioles  curved  and  their  blades 
vertical ;  whereas  none  of  the  leaves  on  the  back  of  the  plants, 
althongh  they  had  been  moderately  illuminated  by  the  diffused 
b'ght  of  the  room,  were  vertical.  They  were  now  at  night  placed 
in  the  same  dark  cupboard ;  at  9  a.m.  on  the  next  morning  (7th) 
all  those  which  had  been  asleep  had  reassumed  their  diurnal 
poaition.  The  pot  was  then  placed  for  3  h.  in  the  sunshine,  so 
as  to  stimulate  the  plants;  at  noon  they  were  placed  before  the 
same  north-east  window,  and  at  night  the  leaves  slept  in  the 
usual  manner  and  awoke  on  the  following  morning.  At  noon  on 
this  day  (8th)  the  plants,  after  having  been  left  before  the  north- 
east window  for  5  h.  45  m.  and  thus  illuminated  (though  not 
brightly,  as  the  sky  was  cloudy  during  the  whole  time),  were 
replaced  in  the  dark  cupboard,  and  at  3  p.m.  the  position  of  the 
leaves  was  very  little,  if  at  all,  altered,  so  that  they  are  not 
quickly  affected  by  darkness;  but  by  10.15  p.m.  all  the  leaves 
which  had  faced  the  north-east  sky  during  the  5h.  45  m.  of 
illumination  stood  vertical,  whereas  those  on  the  back  of  the 
plant  retained  their  diurnal  position.  On  the  following  morning 
(9th)  the  leaves  awoke  as  on  the  two  former  occasions  in  the  dark, 
and  they  were  kept  in  the  dark  during  the  whole  day ;  at  night 
a  very  few  of  thom  became  vertical,  and  this  was  the  one  in- 
stance in  which  we  observe<l  any  inherited  tendency  or  habit  in 
this  plant  to  sleep  at  the  pro|)er  time.  That  it  was  real  sleep 
was  shown  by  these  same  leaves  reassuming  their  diurnal  posi- 
tion on  the  following  morning  (10th)  whilst  still  kept  in  the 
dark. 

The  pot  was  then  (9.45  a.m.  10th)  replaced,  after  having  been 
kept  for  36  h.  in  darkness,  before  the  north-east  window ;  and  at 
night  the  blades  of  all  the  leaves  (excepting  a  few  on  the  back  of 
the  plants)  became  conspicuously  vertical. 

At  6.45  A.M.  (11th)  after  the  plants  had  been  illuminated  on  the 
same  side  as  before  during  only  25  m.,  the  pot  was  turned  round, 
BO  that  the  leaves  which  had  faced  the  light  now  faced  the 
mtmor  of  the  room,  and  not  one  of  these  went  to  sleep  at  night; 
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"whilst  some,  but  not  many,  of  those  which  had  formerly  stood 
facing  the  back  of  the  room  and  which  had  never  before  been 
well  illuminated  or  gone  to  sleep,  now  assumed  a  yertical  posi- 
tion at  night.  On  the  next  day  (12th)  the  plant  was  turned 
round  into  its  original  position,  so  that  the  same  leaves  faced 
the  b'ght  as  formerly,  and  these  now  went  to  sleep  in  the  usual 
manner.  We  will  only  add  that  with  some  young  seedlings 
kept  in  the  greenhouse,  the  blades  of  the  first  pair  of  true  leaves 
(tlie  cotyledons  being  hypogean)  stood  during  the  day  almost 
horizontally  and  at  night  almost  vertically. 

A  few  observations  were  subsequently  made  on  the  circum- 
nutation  of  three  leaves,  whilst  facing  a  north-east  window ;  but 
the  tracings  are  not  given,  as  the  leaves  moved  somewhat 
towards  the  light.  It  was,  however,  manifest  that  they  rose 
and  fell  more  than  once  during  tlie  daytime,  the  ascending  and 
descending  lines  being  in  parts  extremely  zigzag.  The  nocturnal 
fall  commenced  about  7  p.m.,  and  the  leaves  had  risen  consider- 
ably by  6.45  A.M.  on  the  following  morning. 

LegumiriosoR. — This  Family  includes  many  more  genera  with 
sleeping  species  than  all  the  other  families  put  together.  The 
number  of  the  tril)es  to  which  each  genus  belongs,  according  to 
Bentham  and  Hooker's  arrangement,  has  been  added. 

Crotolaria  (sp.  ?)  (Tribe  2).— This  plant  is  monophyllous,  and 
we  are  informed  by  Mr.  T.  Thiselton  Dyer  that  the  leaves  rise 
up  vertically  at  night  and  press  against  the  stem. 

Lupinus  (Tribe  2). — The  palmate  or  digitate  leaves  of  the 
species  in  this  large  genus  sleep  in  three  different  manners. 
One  of  the  simplest,  is  that  all  the  leaflets  become  steeply^  in- 
clined downwards  at  night,  having  been  during  the  day  ex- 
tended horizontally.  This  is  shown  in  the  accompanying 
figures  (Fig.  137),  of  a  leaf  of  X.  pilosus,  as  seen  during  the 
day  from  vertically  above,  and  of  another  leaf  asleep  with  the 
leaflets  inclined  downwards.  As  in  this  position  they  are 
crowded  together,  and  as  they  do  not  become  folded  like  those 
in  the  genus  Oxalis,  they  cannot  occupy  a  vertically  dependent 
]K>8ition ;  but  they  are  often  inclined  at  an  angle  of  50^  beneath 
the  horizon.  In  this  species,  whilst  the  leaflets  are  sinking, 
the  petioles  rise  up,  in  two  instances  when  the  angles  were 
measured  to  the  extent  of  23°.  The  leaflets  of  L,  suh-camoms  and 
nrhoreus,  which  were  horizontal  during  the  day,  sank  down  at 
night  in  nearly  the  same  manner ;  the  former  to  an  angle  of  38^ 
and  the  latter  of  36°,  beneath  the  horizon;  but  their  peticlef 
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did  not  move  in  any  plainly  perceptible  degree.  It  is,  however, 
quite  poeaible,  as  we  shall  presently  see,  that  if  a  large  nnmber 
of  plants  of  the  three  foregoing  and  of  the  following  species 

Fig.  137. 


A. 


B. 


Lmpimu  pilosus  :  A,  leaf  9een  from  yertically  above  in  daytime ;  B,  lea^ 

asleep,  seen  laterally  at  night. 

were  to  be  observed  at  all  seasons,  some  of  the  leaves  would  be 
found  to  sleep  in  a  different  manner. 

In  the  two  following  species  the  leaflets,  instead  of  moving 
downwards,  rise  at  night.  With  L.  Hartwegii  some  stood  at 
noon  at  a  mean  angle  of  3G°  a}yove  the  horizon,  and  at  night 
at  5P,  thus  forming  together  a  hollow  cone  with  moderately 
steep  sides.  The  petiole  of  one  leaf  rose  14?  and  of  a  second 
11°  at  night  With  L.  luteus  a  leaflet  rose  from  47°  at  noon  to 
65°  above  the  horizon  at  night,  and  another  on  a  distinct  leaf 
rose  from  45°  to  69°.  The  petioles,  however,  sink  at  night  to 
a  small  extent,  viz.,  in  three. instances  by  2°,  6^  and  9^^  W. 
Owing  to  this  movement  of  the  petioles,  the  outer  and  longer 
leaflets  have  to  bend  up  a  little  more  than  the  shorter  and  inner 
ones,  in  order  that  all  should  stand  symmetrically  at  night. 
We  shall  presently  sec  that  some  leaves  on  the  same  individual 
plants  of  L.  luteus  sleep  in  a  very  different  manner. 

We  now  come  to  a  remarkable  position  of  the  leaves 
when  asleep,  which  is  common  to  Feveral  species  of  Lupines. 
On  the  same  leaf  the  shorter  leaflets,  which  generally  face  the 
centre  of  the  plant,  sink  at  night,  whilst  the  longer  ones 
on  the  opposite  side  rise;  the  intermediate  and  lateral  ones 
merely  twisting  on  their  own  axes.  But  there  is  some  Tarialdlity 
with  respect  to  which  leaflets  rise  or  fall.  As  might  have  been 
expected  from  such  diverse  and  complicated  movements,  the 
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baseoFeochleaflct  is  developed  (at  least  in  the  case  of  £.Iufew} 
into  a  pulvinuB.  Tho  result  is  that  all  tbe  leaflets  on  the 
(tame  leaf  staud  at  night  more  or  less  highly  iDcUned,  or  even 
quite  verticallj,  forming  in  this  latter  cose  a  vertical  star.  This 
Docnrs  with  the  leaves  of  a  species  purchased  tinder  the  name  of 

y,g.  138 


Lt^inui  piibrtcfni :  A,  leaf  vicwcl  l;iteinlly  HuH  e  ih- d; 
n(  night:  C,  annlher  lent' with  the  kiiftct  rgroiiug  ■ 
Dight.     Figure)  rednceil. 

/..  pubi  Ktnt: ;  and  in  the  accompanying  fiBores  we  see  at  A  (Fig. 
138)  the  leaves  in  their  diurnal  position ;  and  at  B  the  eanic 
plant  at  night  with  the  two  upper  Icnves  having  their  leaflets 
«lmaet  vertical.  At  C  another  lenf,  viewed  laterally,  is  shown 
with  the  ieafluts  quito  vertical.  It  is  chiefly  or  eiclusivelj  the 
youngest  leaves  which  form  at  niflit  vertical  stara.     But  there 
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is  much  Tariability  in  the  positioQ  of  the  leaves  at  night  on  the 
same  plant ;  some  remaining  with  their  leaflets  almost  horizontal, 
others  forming  more  or  less  highly  inclined  or  vertical  stars,  and 
some  with  all  their  leaHets  sloping  downwards,  as  in  oar  first 
class  of  cases.  It  is  also  a  remarkable  fact,  that  although  all  the 
plants  produced  from  the  same  lot  of  seeds  were  identical  m 
appearance,  yet  some  individuals  at  night  had  the  leaflets  of  all 
their  leaves  arranged  so  as  to  form  more  or  less  highly  inclined 
stars ;  others  had  them  all  sloping  downwards  and  never  forming 
a  star ;  and  others,  again,  retained  them  either  in  a  horizontal 
position  or  raised  them  a  little. 

We  have  as  yet  referred  only  to  the  different  pasitions  of  tno 
leaflets  of  L.  pubescens  at  night ;  but  the  petioles  likewise  differ 
in  their  movements.  That  of  a  young  leaf  which  formed  a 
highly  inclined  star  at  night,  stood  at  noon  at  42^  above  the 
horizon,  and  during  the  night  at  72°,  so  had  risen  30°.  The 
petiole  of  another  leaf,  the  leaflets  of  which  occupied  %  similar 
position  at  m'ght,  rose  only  6°.  On  the  other  hand,  the  petiole 
of  a  leaf  with  all  its  leaflets  sloping  down  at  night,  fell  at  this 
time  4?,  The  petioles  of  two  rather  older  leaves  were  subse- 
quently observed ;  both  of  which  stood  during  the  day  at  exactly 
the  same  angle,  viz.,  50°  above  the  horizon,  and  one  of  these  rose 
7°— 8°,  and  the  other  fell  2^—4°  at  night. 

We  meet  with  cases  like  that  of  L.  pubescens  with  some  other 
species.  On  a  single  plant  of  L.  mutahilis  some  leaves,  which 
stood  horizontally  during  the  day,  formed  highly  inclined  stars 
at  night,  and  the  petiole  of  one  rose  7°.  Other  leaves  which 
likewise  stood  horizontally  during  the  day,  had  at  night  all  their 
leaflets  sloping  downwards  at  46°  beneath  the  horizon,  but 
their  petioles  had  hardly  moved.  Again,  L.  luitus  offered  a  still 
more  remarkable  case,  for  on  two  leaves,  the  leaflets  which  stood 
at  noon  at  about  45°  above  the  horizon,  rose  at  night  to  65°  and 
69°,  so  that  they  formed  a  liollow  cone  with  steep  sides.  Four 
leaves  on  the  same  plant,  which  had  their  leaflets  horizontal  at 
noon,  formed  vertical  stars  at  night;  and  three  other  leaves 
equally  horizontal  at  noon,  had  all  their  leaflets  sloping  down- 
wards at  night.  So  that  the  leaves  on  this  one  plant  assumed 
at  night  three  different  positions.  Though  we  cannot  account 
for  this  fact,  we  can  see  that  such  a  stock  might  readily  give 
birth  to  species  having  widely  different  nyctitropic  habits. 

Little  more  need  be  said  about  the  sleep  of  the  species  of  Lu- 
pinos;  several,  namely,  L.  polyphyllus,  nanus,  Mtmiesii,  spedosus. 
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and  albi/ronn,  though  oliscryed  out  of  doors  and  in  the  green- 
house, did  not  change  the  position  of  their  leaves  sufficiently  at 
night  to  be  said  to  sleep.  From  observations  made  on  two 
sleeping  species,  it  appears  that,  as  with  Tropcsolum  majtu,  the 
leaves  must  be  well  illuminated  duiing  the  day  in  order  to  sleep 
at  night.  For  several  plants,  kept  all  day  in  a  sitting-room 
with  north-east  windows,  did  not  sleep  at  night ;  but  when  the 
pots  were  placed  on  the  following  day  out  of  doors,  and  were 
brought  in  at  night,  they  slept  in  the  usual  manner.  The  trial 
was  repeated  on  the  following  day  and  night  with  the  same 
result. 

Some  observations  were  made  on  the  circumnutation  of  the 
leaves  of  L,  luteus  and  arhoreus.  It  will  suffice  to  say  that  the 
leaflets  of  the  latter  exhibited  a  double  oscillation  in  the  course 
of  124  h. ;  for  they  fell  from  the  early  morning  until  10 15  A.M., 
then  rose  and  zigzagged  greatly  till  4  p.m.,  after  which  hour  the 
great  nocturnal  fall  commenced.  By  8  a.m.  on  the  following 
morning  the  leaflets  had  risen  to  their  proper  height.  We  have 
seen  in  the  fourth  chapter,  that  the  leaves  of  l.upinus  spectostu, 
which  do  not  sleep,  circumnutate  to  an  extraordinary  extent, 
making  many  ellipses  in  the  course  of  the  day. 

Cytisus  (Tribe  2),  Trigonella  and  Afedicago  (Tribe  3).— Only 


Fig.  139. 


A. 


Medioago  marina     A.  leaves  during  the  dav  ;  B,  leaves  asleep  at  night. 


a  few  observations  were  made  on  these  tliree  genera.  The 
IKjtiolcs  ou  a  young  p^ant,  about  a  foot  in  height,  of  Cytistu 
fragrans  rose  at  night,  on  one  occasion  23°  and  on  another  33°. 
The  three  leaflets  als)  bend  upward.s,  and  at  the  same  time 
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approach  each  other,  so  that  the  base  of  the  ceotral  leaflet 
oTdrlapa  the  bases  of  the  two  lateral  leaflets.  They  bend 
up  so  much  that  the;  press  against  the  stem ;  and  on  looking 
down  on  one  of  these  3oang  plants  from  Tertically  above,  the 
lower  surfaces  of  the  leaflets  are  Tisible ;  and  thus  their  upper 
surfaces,  in  accordance  with  the  general  rule,  are  best  protected 
from  radiation.  Whilst  the  leaves  on  these  young  plants  were 
thus  behaving,  those  on  an  old  bnsh  in  full  flower  did  not  slec)) 
tt  night 

Trigonella  Crttica  resembles  a  Melilotus  in  its  sleep,  which  will 
be  inmiediately  described.  According  to  M.  Royer,*  the  leaves 
of  Medicago  macuiaia  rise  up  at  night,  and  "  se  renversent  un 
peu  de  maniere  k  presenter  oblique  men  t  au  ciel  leur  face  in- 
ferieure."  A  drawing  is  here  given  (Fig.  139)  of  the  leaves 
of  if.  marina  awake  and  asleep;  and  this  would  almost  serve 
for  Cytisus  fragrans  in  the  same  two  states. 

Melilotus  (Tribe  3).— The  species  in  this  genus  sleep  in  a 
remarkable  manner.  The  three  leaflets  of  each  leaf  twist  through 
an  angle  of  90"",  so  that  their  blades  stand  vertically  at  night 
with  one  lateral  e«lge  presented  to  the  zenith  (Fig.  140).  We 
shall  best  understand  the  other  and  more  complicated  move- 
ments, if  we  imagine  ourselves  always  to  hold  the  leaf  with  the 
tip  of  the  terminal  leaflet  pointed  to  the  north.  The  leaflets  in 
becoming  vertical  at  night  could  of  course  twist  so  that  their 
upper  surfaces  should  face  to  either  side ;  but  the  two  lateral 
leaflets  always  twist  so  that  this  surface  tends  to  face  the  north, 
but  as  they  move  nt  the  same  time  towards  the  terminal  leaflet, 
the  upper  surface  of  the  one  faces  about  N.N.W.,  and  that  of 
the  other  N.N.E.  The  terminal  leaflet  behaves  differently,  for 
it  twisfis  to  either  side,  the  upper  surface  facing  sometimes  east 
and  sometimes  west,  but  r;ither  more  commonly  west  than  east. 
The  terminal  leaflet  also  moves  in  another  and  more  remarkable 
manner,  for  whilst  its  blade  is  twisting  and  Iw^oming  vertical, 
the  whole  leaflet  bends  to  one  side,  and  invariably  to  the  side 
towards  which  the  ui)[)er  surface  is  directed;  so  that  if  this 
surface  faces  (he  west  the  whole  leaflet  bends  to  the  west,  until 
it  comes  into  contact  with  the  upper  and  vertical  surface  of 
the  western  lateral  leafle^  Thus  the  upper  surface  of  the 
terminal  and  of  one  of  the  two  lateral  leaflets  is  well  protected. 

The  fact  of  the  terminal  leaflet  twisting  indifferently  to  either 


•  •  Ainialea  dee  Sc.  Nat.  But*  (5th  series),  i-\   18G8,  p.  308. 
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side  and  afterwards  bendiDg  to  the  same  side,  seemed  to  ns  so 
remarkable,  that  we  endeavoured  to  discoyer  the  cause.  We 
imagined  that  at  the  commencement  of  the  movement  it  might 
be  determined  by  one  of  the  two  haWes  of  the  leaflet  being 
a  little  heavier  than  the  other.  Therefore  bits  of  wood  were 
gummed  on  one  side  of  several  leaflets,  but-  this  produced  no 
effect;   and  they  continued  to  twist  in  the  same  direction  as 


■.•^**-» 


Fig.  140. 


C. 

MelUotua  officinalis :  A,  leaf  during  the  dajtime.  B,  another  leaf  asleep. 
C,  a  leaf  asleep  as  viewed  from  vertically  above ;  but  in  this  ca.se  the 
terminal  leaflet  did  not  happen  to  be  in  &uch  close  contact  with  the 
lateral  one,  as  is  usual. 

they  had  previously  done.  In  order  to  discover  whether  the 
same  leaflet  twisted  permanently  in  the  same  direction,  black 
threads  were  tied  to  20  leaves,  the  terminjil  leaflets  of  which 
twisted  so  that  their  upper  surfaces  faced  west,  and  14  white 
t] treads  to  leaflets  which  twisted  to  the  east.  These  were  ob- 
served occasionally  during  14  days,  and  they  all  continued,  with 
a  single  exception,  to  twist  and  bend  in  the  same  direction;  for 
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one  leaflet,  which  had  original]?  fao^  east,  was  oli««erved  after 
9  days  to  face  west  The  seat  of  both  the  twisting  and  bending 
moTement  is  in  the  pulvinns  of  the  sub-petioles. 

We  belieye  that  the  leaflets,  especially  the  two  lateral  ones, 
in  performing  the  above  described  complicated  movements 
generally  bend  a  little  downwards ;  but  we  are  not  sure  of  this, 
for,  as  far  as  the  main  petiole  is  concerned,  its  nocturnal  move- 
ment is  largely  determined  by  the  position  which  the  leaf 
happens  to  occupy  during  the  day.  Thus  one  main  petiole  was 
observed  to  rise  at  night  69°,  whilst  three  others  rose  only  7° 
and  9°.  The  petioles  and  sub-petioles  are  continually  circum- 
nutating  during  the  whole  24  h.,  as  we  shall  presently  see. 

The  leaves  of  the  following  15  species,  M.  officinnli8,8uav€olens, 
paruiflora,  alba,  in/tsta,  dtntU-i,  gracilis^  stUcaia,  elegans,  ccertiiea, 
petitpitrreana,  macrorrhiza,  Italioi,  secundiflora,  and  Taurica^ 
sleep  in  nearly  the  same  manner  as  just  described;  but  the 
bending  to  one  side  of  the  terminal  leaflet  is  apt  to  fail  unless 
the  plants  are  growing  vigorously.  With  if.  petitpi'nredf.a  and 
Kcundiflora  the  terminal  leaflet  was  rarely  seen  to  bend  to  one 
side.  In  young  plants  of  M,  lialica  it  bent  in  the  usual  manner, 
but  with  old  plants  in  full  flower,  growing  in  the  same  pot  and 
observed  at  the  Fame  hour,  viz.,  8.30  p.m.,  none  of  the  terminal 
leaflets  on  several  scores  of  leaves  had  bent  to  one  side,  though 
they  stood  vertically ;  nor  nad  the  two  lateral  leaflets,  though 
standing  vertically,  moved  towards  the  terminal  one.  At 
1030  P.M.,  and  again  one  hour  after  midnight,  the  terminal 
leaflets  had  become  very  slightly  bent  to  one  side,  and  the 
lateral  leaflets  had  moved  a  very  little  towards  the  terminal  one, 
80  that  the  position  of  the  leaflets  even  at  this  late  hour  was  far 
from  the  ordinary  one.  Again,  with  M,  Taurica  the  terminal 
leaflets  were  never  seen  to  bend  towards  either  of  the  two  lateral 
leaflets,  though  these,  whilst  becoming  vertical,  had  l)ent  towards 
the  terminal  one.  The  sub-i)etiole  of  the  terminal  leaflet  in 
this  species  is  of  unusual  length,  and  if  the  leaflet  had  bent  to 
one  side,  its  upper  surface  could  have  come  into  contact  only 
with  the  apex  of  either  lateral  leaflet;  and  this,  perhaps,  is  the 
meaning  of  the  loss  of  the  lateral  movement. 

The  cotyledons  do  not  sleep  at  night.  The  first  leaf  consists  of 
a  single  orldcular  Uaflet,  which  twists  at  night  so  that  the  blade 
stands  vertically.  It  is  a  remarkable  fact  that  with  M,  Taurica, 
and  in  a  somewhat  less  degree  with  M.  macrorrhiza  and  petit- 
pierrfana,  all  the  many  bmall  and  young  leaves  produced  durins 
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the  early  spring  from  shoots  on  some  cut-down  plants  in  the 
greenhouse,  slept  in  a  totally  diflTerent  manner  from  the  normal 
one ;  for  the  three  leaflets,  instead  of  twisting  on  their  own  axes 
so  as  to  present  their  lateral  edges  to  the  zenith,  turned  upwards 
and  stood  vertical ly  with  their  apices  pointing  to  the  zenith. 
They  thus  assumed  nearly  the  same  position  as  in  the  allied 
genus  Trifolium;  and  on  the  same  principle  that  embryological 
characters  reveal  the  lines  of  descent  in  the  animal  kingdom,  so 
the  movements  of  the  small  leaves  in  the  above  three  sx)ecies  of 
Mchlotus,  perhaps  indicate  that  this  genus  is  descended  from 
a  form  which  was  closely  allied  to  and  slept  like  a  Trifolium. 
Moreover,  there  is  one  species,  ^f.  mtssanenais,  the  leaves  of 
which,  on  full-grown  plants  between  2  and  3  feet  in  height, 
sleep  like  the  foregoing  small  leaves  and  like  those  of  a  Trifolium. 
We  were  so  much  surprised  at  this  latter  case  that,  until  the 
flowers  and  fruit  were  examined,  wo  thought  that  the  seeds  of 
some  Trifolium  had  been  sown  by  mistake  instead  of  those  of  a 
Melilotus.  It  appears  therefore  probable  that  M.  messanensis 
has  either  retained  or  recovered  a  primordial  habit. 

The  circumnutation  of  a  leaf  of  M.  officinalis  was  traced, 
the  stem  being  left  free;  and  the  apex  of  the  terminal  leaflet 
described  three  laterally  extended  ellipses,  between  8  a.m.  and 
4  P.M. ;  after  the  latter  hour  the  nocturnal  twisting  movement 
commenced.  It  was  afterwards  ascertained  that  the  above 
movement  was  compounded  of  the  circumnutation  of  the  stem 
on  a  small  scale,  of  the  main  petiole  which  moved  most,  and  of 
the  sub-petiole  of  the  tei-minal  leaflet.  The  main  petiole  of  a 
leaf  having  been  secured  to  a  stick,  close  to  the  base  of  the  sub- 
petiole  of  the  terminal  leaflet,  the  latter  described  two  small 
ellipses  between  10.30  a.m.,  and  2  p.m.  At  7.15  p.m.,  after  this 
same  leaflet  (as  well  as  another)  had  twisted  themselves  into 
their  vertical  nocturnal  position,  they  began  to  rise  slowly,  and 
continued  to  do  so  until  10.35  p.m.,  after  which  hour  they  were 
no  longer  observed. 

As  M.  mesmnensis  sleeps  in  an  anomalous  manner,  unlike  that 
of  any  other  species  in  the  genus,  the  circumnutation  of  a 
terminal  leaflet,  with  the  stem  secured,  was  traced  during  two 
days.  On  each  morning  the  leaflet  fell,  until  about  noon,  and 
then  began  to  rise  very  slowly ;  but  on  the  first  day  the  rising 
movement  was  interrupted  between  1  and  3  p.m.  by  the  formation 
of  a  laterally  extended  ellipse,  and  on  the  second  day,  at  the 
nme  time,  by  two  smaller  ellipses.    The  rising  movement  then 
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recommenced,  and  became  rapid  late  in  the  evening,  when 
the  leaflet  was  beginning  to  go  to  sleep.  The  awaking  or 
sinking  movement  had  already  comnienccd  by  6.45  a.m  on  both 
momingR. 

Trifdium  (Tribe  3). — The  nycti tropic  movements  of  11 
species  were  observed,  and  were  found  to  be  closely  similar.  If 
we  select  a  leaf  of  T.  repens  having  an  upright  petiole,  and  with 
the  three  leaflets  expanded  horizontally,  the  two  lateral  leaflets 
will  be  seen  in  the  evening  to  twist  and  approach  each  other, 
nntil  their  upper  surfaces  come  into  contact.  At  the  same  time 
they  bend  downwards  in  a  plane  at  right  angles  to  that  of  their 
former  position,  until  their  midribs  form  an  angle  of  about  46^ 
with  the  upper  part  of  the  petiole.  This  peculiar  change  of 
position  requires  a  considerable  amount  of  torsion  in  the  pul- 
vinus.  The  terminal  leaflet  merely  rises  up  without  any  twist- 
Fig.  141. 


A.  li. 

7Vt/o/ttim  repens :  A,  leaf  during  the  dny  ;  B,  leaf  asleep  at  Dight. 

inp,  and  bends  over  until  it  rests  on  and  forms  a  roof  over  the 
e<Iges  of  the  now  vertical  and  united  lateral  leaflets.  Thus  the 
terminal  leaflet  always  passes  through  an  angle  of  at  least  90^, 
generally  of  130*'  or  140®,  and  not  rarely — ^as  was  often  observed 
with  T.  8  hUrraneum — of  180°.  In  this  latter  case  the  terminal 
leaflet  stands  at  night  horizontally  (as  in  Fig.  141),  with  its 
lower  surface  fully  exposed  to  the  zenith.  Besides  the  difference 
in  the  angles,  at  which  the  terminal  leaflets  stand  at  night  in 
the  individuals  of  the  same  species,  the  degree  to  which  the 
lateral  leaflets  approach  each  other  often  likewise  differs. 

We  have  seen  that  the  cotyledons  of  some  species  and  not  of 
others  rise  up  vertically  at  night.  The  first  true  leaf  is  generally 
nnifoliate  and  orbicular ;  it  always  rises,  and  either  stands  verti- 
cally at  night  or  more  conomonly  bends  a  little  over  so  as  to  expose 
the  lower  surface  obliquely  to  the  zenith,  in  the  same  manner 
as  does  the  terminal  leaflet  of  the  mature  leaf.  But  it  does  not 
twist  itself  like  the  corresponding  first  simple  leaf  of  Melilotna 
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With  T,  Fannonicum  the  first  true  leaf  was  generally  nnifoliate, 
but  sometimes  trifoliate,  or  again  partially  lobed  and  in  ao 
intermediate  condition. 

Circumnutation. — Sachs  described  in  1863*  the  spontaneous 
up  and  down  movements  of  the  leaflets  of  T.  incarnatum,  when 
kept  in  darkness.  Pf^fifer  made  many  observations  on  the 
similar  movements  in  T.  pratense.j  He  states  that  the  terminal 
leaflet  of  this  species,  observed  at  different  times,  passed  through 
angles  of  from  30°  to  120®  in  the  course  of  from  li  to  4h.  We 
observed  the  movements  of  T.  suhttrraneum,  resupiriaium,  and 
repens. 

'Jrifoliiim  suhterranenm. — A  petiole  was  secured  close  to  the 
base  of  the  three  leaflets,  and  the  movement  of  the  terminal 
leaflet  was  traced  during  26^  h.,  as  shown  in  the  figure  on  the 
next  page 

Between  6.45  a.m.  and  6  p.m.  the  apex  moved  3  times  up 
and  3  times  down,  completing  3  ellipses  in  II  h.  15  m.  The 
ascending  and  descending  lines  stand  nearer  to  one  another 
than  is  usual  with  most  plants,  yet  there  was  some  lateral 
motion.  At  6  p.m.  the  great  nocturnal  rise  conmienced,  and 
on  the  next  morning  the  sinking  of  tlie  leaflet  was  continued 
imtil  8.30  A.M.,  after  which  hour  it  circumnutated  in  the  manner 
j^st  described.  In  the  figure  the  great  nocturnal  rise  and 
the  morning  fall  are  greatly  abbreviated,  from  the  want  of 
space,  and  are  merely  represented  by  a  8hort  curved  lina  The 
leaflet  stood  horizontally  when  at  a  point  a  little  beneath  the 
middle  of  the  diagram;  so  that  during  the  daytime  it  oscillated 
almost  equally  above  and  beneath  a  horizontal  position.  At 
8.30  A.M.  it  stood  48°  beneath  the  horizon,  and  by  11.30  a.m.  it 
liad  risen  50°  above  the  horizon ;  so  that  it  passed  through  98° 
in  3  h.  By  the  aid  of  the  tracing  we  ascertained  tliat  the 
distance  travelled  in  the  3  h.  l)y  the  apex  of  this  leaflet  was 
1*03  inch.  If  we  look  at  the  fit;ure,  and  prolong  upwards  in 
our  mind's  eye  the  short  curved  broken  line,  which  repre- 
sents the  nocturnal  course,  we  see  that  the  latter  movement  is 
merely  an  exaggeration  or  prolongation  of  one  of  the  diurnal 
ellipses.  The  sjime  leaflet  had  been  observed  on  the  previous 
day,  and  the  course  then  pursued  was  almost  identically  the 
same  as  that  here  descrilied. 


•  *  Flora.'  18l3.  p.497. 

t  *  Die  Period.  Bewegungen,*  1875,  pp.  35,  52. 
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Trifoliam  re»ipinatain.—.K  plant  left  entii'elj  Froi  was  placeti               ^H 

before  a  nortli-ea-it  win-                                                          ,                 ^H 
dotr,  in  Buch  a  poaition                                                /)  ^  *                 ^^1 

that    a   terminal    k-aflot                                              //■S'S                 ^| 

projected  lit  right  angk-s                                                      ^  I                 ^M 

to  tbe  source  of  the  liKtit.                                            /  /    -.*                  ^1 

the  aky  being  uaiformly 

'    /  /  s".;-' 

cloudrti    all    day.      Tho 

/  /  ri- 

movomcats  of  this  leoflot 

/  /  .H 

were  tncel  dariug   two 

/  /  :;il 

diyra,  aud  on  both  were 

/  /   -11 

closely    similur.      Those 

/  r    i''- 

executed    on  the  second 

/    ill 

day    are  shuwn  in    Fig. 

113.      The   obliquity    of 

V  m 

the  several  liaeD  ia  due 

partly  to  the  nitnuer  in                             / 

/         l-'i 

which     tho    leaflet    wap                             / 

/        iss 

viewed,  and  partly  to  its                            /  J 

/      ^iJ 

liaring  raovod  a  little  to-                           ^  J\ 

wards  the  light.     From                           7  , 

/     lit 

7.50  A.*,  to  8,40  A.M.  the                         // 

SIS 

loaflot   fell,  thai  ifl.  the                        f          /                 I^J 
awakening  movement  was                       J          j                 „Z^ 
continued.     It  then  rose                      /     /     /                 l-  ■= 
and  moved  a  Uttla  iato-                     //     /     /                  5  =  "I 
rally  towards  the   light.                    //     /     /                    ^£'3 
At  ia.30  it  retrograded,                  //     /    /                    ^^^ 

aud  at  2.30  resumed  its                    ill                     =   ■  ^ 

original    course,    haying                  ft                        §st 

thus  completed  a  amall                           f\                       3  »  = 

■  jllipae  during  the  middle                          ![                        S  ^  - 

■Efthdday.    Intheeyea-                     J      l                        t-.l 

■bg  it  Rwo  mpidly.  and                  J  /                     1 1 1 

■  'by  8  A-K.  on  the  following        /  I      LA                            ..^'i 

inoming  had  returned  to       /  y        '                                    i:  | 

ejaetly  tlie  same  spot  as      f  /                                            i-^ 

iHi  the  pruvious  morning.      /  /                                              -» ■« 
Tho  line  represocting  the     //                                            ^  |J  J 

Quvturnal   course    ought    //                                                 *'3 
t-1    be    extended    much   //                                               =sl3 

higher  up,  and  ia  here  j/                                               ^ 
LlJtbrotiated  into  a  short,                                                     "^ 
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curved,  broken  line.     The  terminal  leaflet,  therefore,  of  this 
species  described  during  the  daytime  only  a  single  additional 

ellipse,  instead  of  two  ad- 
Fig.  143.  ditional    ones,   as   in   the 

case  of  T.  subterraneum. 
But  we  should  remember 
that  it  was  shown  in  the 
fourth  chapter  that  the 
stem  circumnutates,  as  no 
doubt  does  the  main  petiole 
and  the  sub-petioles;  so 
that  the  movement  repre- 
sented in  flg.  143  is  a  com- 
pounded one.  We  tried 
to  observe  the  movements 
of  a  leaf  kept  duriug  the 
day  in  darkness,  but  it 
-, .-  7-  •    ^  •  *  *•     began  to  go  to  sleep  after 

infoltum   resupinatum:    circumnutation  ^  ?     ,-  j    ... 

and  nyrtitropic  movements  of  the  ter-  ^  n.    15  m..  and  this  waS 
rainal  leaflet  during  24  hours.  well  pronounced  after  4  h. 

30  m. 

Tri/oHum  rfpens. — A  stem  was  secured  close  to  the  base  of 
a  moderately  old  leaf,  and  the  movement  of  the  terminal  leaflet 
was  observed  during  two  days.  This  case  is  interesting  solely 
from  the  simplicity  of  the  movements,  in  contrast  with  those  of 
the  two  preceding  species.  On  the  first  day  the  leaflet  fell 
l)etween  8  a.m.  and  3  p.m.,  and  on  the  second  between  7  a.m. 
and  I  P.M.  On  both  days  the  descending  course  was  somewhat 
zigzag,  and  this  evidently  represents  the  circumnutating  move- 
ment of  the  two  previous  species  during  the  middle  of  the  day. 
After  1  P.M.,  Oct.  1st  (Fig.  144),  the  leaflet  began  to  rise,  but 
the  movement  was  slow  on  both  days,  both  before  and  after 
this  hour,  until  4  p  m.  The  rapid  evening  and  nocturnal  rise 
then  commenced.  Thus  in  this  species  the  course  during  24  h. 
consists  of  a  single  great  ellipse;  in  T.  resupinatum  of  two 
ellipses,  one  of  which  includes  the  nocturnal  movement  and  is 
much  elongated;  and  in  T.  suhterranenm  of  three  ellipses,  of 
which  the  nocturnal  one  is  Ukewise  of  great  length. 

SecuHgera  coroniUa  (Tribe  4). — The  leaflets,  which  stand 
opposite  one  another  and  are  numerous,  rise  up  at  night,  come 
into  close  contact,  and  l)ond  backwards  at  a  moderate  angle 
towards  the  base  of  the  petiole. 
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Fig.  144w 


^~> 


Lot'is  (Trilie  4).— Tbe  nyctitropic  moTements  of  10  speciefi 
in  this  genus  were  observed,  and  found  to  be  the  same.  The 
main  petiole  rises  a  little  at  nighty  and 
the  throe  leaflets  rise  till  they  become 
vertical,  and  at  the  same  time  approach 
each  other.  This  was  conspicuous  with 
L,  Jacoboeus,  in  which  the  leaflets  are 
almost  linear.  In  most  of  the  species 
the  leaflets  rise  so  much  as  to  press 
against  the  stem,  and  not  rarely  they 
become  inclined  a  little  inwards  with 
their  lower  surfaces  exposed  obliquely 
to  the  zenith.  This  was  clearly  the 
case  with  L.  major,  as  its  petioles  are 
unusually  long,  and  the  leaflets  are  tlius 
enabled  to  bend  further  inwards.  The 
young  leaves  on  the  sunmiits  of  the 
stems  close  up  at  night  so  much,  as 
often  to  resemble  large  buds.  The 
stipule-like  leaflets,  which  are  often  of 
lai^  size,  rise  up  like  the  other  leaflets, 
and  press  against  the  stem  (Fig.  145). 
All  the  leaflets  of  L,  Oebelii,  and  pro- 
bably of  the  other  species,  are  provided 
at  their  bases  with  distinct  pulvini,  of 
a  yellowwh  colour,  and  formed  of  Tcry  j.,,y.^,„„  „p^.  ei,e„m. 
small  cells.  The  circunmutation  of  a  nuution  and  nyctitropic 
terminal  leaflet  of  L.  pervyriims  (with 
the  stem  secured)  was  traced  during; 
two  days,  but  the  movement  was  so 
simple  that  it  is  not  worth  wliile  to 
give  the  diagram.  The  leaflet  fell 
slowly  from  the  early  morning  till 
alx)ut  1  p.x.  It  then  rose  gradually 
at  first,  but  rapidly  late  in  the  evening. 

It  occasionally  stood  still  for  about  SK)  m.  during  the  day,  and 
sometimes  zigzagged  a  little.  The  movement  of  one  of  the 
basal,  stipule-like  leaflets  was  likewise  traced  in  the  same 
manner  and  at  the  same  lime,  and  its  course  was  closely  similar 
to  that  of  the  terminal  leaflet. 

In  Tribe  5  of  Bentham  and  Hooker,  the  sleep-movements 
of  species  in  12  genera  have  been  observed  by  ourselves  and 


movements  of  a  nearly 
full  -  grown  terminal 
leaflet,  traced  on  a  ver- 
tical glass  from  7  A.M. 
Sept.  30th  to  8  A.M. Oit. 
Isit.  Nocturnil  course, 
represented  by  curved 
broken  line,  much  ab- 
breviated. 
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others,  but  only  in  Bobinia  with  any  caro.  PsoraJea  acanlit 
raises  its  three  leaflets  at  night ;  whilst  AmorpJia  fruticota* 
Dalea  alopecuroides,  and  Jndfgo/era  tinctoria  depress  them. 
Duchartro  t  states  that  Tephrosia  cartbcea  is  the  sole  example 
of  "foliolos  couchees  le  long  dn  petiole  et  vers  la  base;"  but  a 

Fig.  145. 


A.  B. 

Lotus  C'tticus:  A,  stem  with  leaves  awnke  during  the  day;  B,  with  leares 
asleep  at  night.     SS,  stipule-like  leaflets. 

similar  movement  occurs,  as  we  have  already  seen,  and  shall 
again  see  in  other  cases.  Wistaria  Sinensis,  accordiug  to 
Royer^  "abaisse  les  foliolcs  qui  par  une  disposition  bizarre 
sont  iuclin^es  dans  la  mcme  fcuille,  les  sup6rieures  vers  le 


♦  Duoharto,      'Klenienta 
Botanique/  1867,  p.  S4'J. 
t  Ibid.,  p.  347. 


de  I  *Ann.    des   8<*ience8,   Nata 

But*  rSth  series),  ix.  ISiiS, 
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aommet,  les  inferienres  xers  la  base  da  petiole  common ;  **  but 
the  leaflets  on  a  yonng  pbint  obsenred  by  us  in  the  green- 
house merely  sank  Tertically  downwards  at  night  The  leaflets 
are  raised  in  iSpttaro^tysa  taltUa,  CUutea  arhonn,  and  A9ira- 
galus  ulufintaus^  but  are  depressed,  according  to  UnniBUS,  in 
OlycyrrhiztL  The  leaflets  of  Kobiuia  fttviu^cacia  likewise  sink 
Tertically  down  at  night,  but  the  petioles  rise  a  little,  viz.,  in 
one  case  3^,  and  in  another  4^  The  circumnutating  moTe- 
mentB  of  a  terminal  leaflet  on  a  rather  old  leaf  were  traced 
during  two  days,  and  were  simple.  The  leaflet  fell  slowly,  in  a 
slightly  zigzag  line,  from  8  km.  to  5  pjc,  and  then  more 
rapidly;  by  7  a.x.  on  the  following  morning  it  had  risen  to  its 
diurnal  position.  There  was  only  one  peculiarity  in  the  moTe- 
ment,  namely,  that  on  both  days  there  was  a  distinct  though 
small  oscillation  up  and  down  between  8.30  and  10  aji.,  and 
this  iFould  probably  have  been  more  strongly  pronounced  if 
the  leaf  had  been  younger. 

CoroniUa  ro§ta  (Tribe  6).— The  leaxes  bear  9  or  10  pairs  of 
opposite  leaflets,  which  during  the  day  stand  horizontally,  with 

Fig.  146. 


O'tonilhi  riyscKi :  leaf  a:»1eep. 

their  midribs  at  right  angles  to  the  petiole.  At  night  they  rise 
up,  so  that  the  opposite  leaflets  come  nearly  into  contact^  and 
those  on  the  younger  leaves  into  close  contact.  At  the  same 
time  they  bend  back  towards  the  base  of  the  petiole,  until  their 
midribs  form  with  it  angles  of  from  40*»  to  50°  in  a  Tertical 
plane,  as  here  figured  (Fig.  146).  The  leaflets,  however,  some- 
times bend  so  much  back  that  their  midribs  become  parallel  to 
and  lie  on  the  petiole.  They  thus  occupy  a  reversed  position 
to  what  they  do  in  several  LeguminossB,  for  instance,  in  Mimofa 
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pudica ;  but,  from  standing  further  apart,  they  do  not  overlap 
one  another  nearly  so  much  as  in  this  latter  plant  The  main 
petiole  is  curved  slightly  downwards  during  the  day,  but 
straightens  itself  at  night.  In  three  cases  it  rose  from  3°  above 
the  horizon  at  noon,  to  9°  at  10  p.m.  ;  from  11°  to  33° ;  and  from 
6°  to  33° — the  amount  of  angular  movement  in  this  latter  case 
amountmg  to  28°.  In  several  other  species  of  Coronilla  the 
leaflets  showed  only  feeble  movements  of  a  similar  kind. 

Jledysarum  coronarium  (Tribe  6). — The  small  lateral  leaflets 
on  plants  growing  out  of  doors  rose  up  vertically  at  night,  but 
the  large  terminal  one  became  only  moderately  inclined.  The 
petioles  apparently  did  not  rise  at  all. 

Smithia  F/undii  (Tribe  6).— The  leaflets  rise  up  vertically, 
and  the  main  petiole  also  rises  considerably. 

Arachis  hypogoea  (Tribe  6). — The  shape  of  a  leaf,  with  its  two 
pairs  of  leaflets,  is  shown  at  A  (Fig.  147) ;  and  a  leaf  asleep, 

Fig.  147. 


B. 

Arachtt  hijpfHjcBa:  A,  leaf  during  the  day,  seen  from  vertically  above ;  B, 
lenf  asleep,  seen  laterally;  copied  from  a  photogriph.  Figures  much 
reduced. 

traced  from  a  photograph  (made  by  the  aid  of  aluminium 
light),  is  given  at  B.  The  two  terminal  leaflets  twist  round  at 
night  until  their  blades  stand  vertically,  and  approach  each 
other  until  they  meet,  at  the  same  time  moving  a  little  upwards 
and  backwards.  The  two  lateral  leaflets  meet  each  other  in  the 
same  manner,  but  move  to  a  greater  extent  forwards,  that  is,  in 
a  contrary  direction  to  the  two  terminal  leaflets,  which  they 
partially  embrace.  Thus  all  four  leaflets  form  together  a  single 
packet,  with  their  edges  directed  to  the  zenith,  and  with  their 
lower  surfaces  turned  outwards.  On  a  plant  which  was  not 
growing  vigorously  the  closed  leaflets  seemed  too  heavy  for  the 
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petioles  to  snppoit  tbom  in  a  vertical  position,  so  that  each 
night  the  miuii  petiole  became  twisted,  nnd  all  the  packeia  were 
extended  horizontally,  with  the  lower  surfacee  of  the  leaflets  on 
one  side  directed  to  the  zenith  in  a  most  anomalous  maniicr. 
This  fact  is  mentioned  solely  as  a  caution,  aa  it  surprised  us 
greatly,  until  wo  discovered  that  it  was  an  anomaly.  Tlie 
petioles  are  inclined  upwards  during  the  day,  but  sink  at  ni^'llt. 
BO  a8  to  sttnd  nt  about  right  angles  with  the  stem.  The  amount 
of  sinking  was  measured  only  on  one  occasion,  and  found  Ut  be 
33°.  A  petiole  was  secured  to  a  stick  at  the  l«se  of  the  two 
termina]  leaQots,  and  tlio  ciruumnutjiting  movement  of  one  of 
these  leaflets  waa  traced  from  6.40  a.m.  to  10.40  p.m.,  the  plant 
being  illuminated  from  al)ove.  The  temporalurBwas  17° — ITi"  C, 
and  therefore  rather  too  low.  Burinp  the  16  h.  the  leaflet  moved 
thrice  up  and  thrico  down,  and  as  the  nscending  and  descend- 
ing lines  did  not  coincide,  three  ellipses  were  formed. 

Ihtmudium  gyrani  (Tribe  6). — A  large  and  full-grown  leaf  of 
this  plant,  so  famous  for  the  s|x>ntaiieouB 
movements  of  the  two  little  Internl  leaflets, 
is  here  represented  (Fig.  148).  The  largo 
terminal  leafiet  sleeps  by  sinking  vertically 
down,  whilst  the  petiole  rises  up.  The  coty- 
ledons do  not  sleep,  hut  the  firBt-formcd  leaf 
sleeps  equally  well  as  the  older  ones.  The 
appearance  presented  by  a  sleeping  branch 
and  one  in  the  day-time,  copied  from  two 
photographs,  are  shown  at  A  and  B  (Fig. 
149),  and  we  see  how  at  night  the  Icares  are 
crowded  together,  as  if  for  mutual  pro- 
tection, by  the  rising  of  the  petioles.  The 
petioles  of  the  younger  leaves  near  the  Biim- 
mits  of  the  shoots  rise  up  at  night,  so  as  to 
stand  vertical  anil  parallel  to  the  stem  ; 
whtlat  those  on  tho  sides  were  found  in  four 
cases  to  have  risen  respectively  461°,  31 
20°,  and  19'5°  above  the  inclined  positio 
which  they  had  occupied  during  tho  day.  alorc,  reduced 
For  instance,  in  the  first  of  these  four  cases  '"  ""*,■'""  °"' 
the  petiole  stood  in  the  day  at  23°,  and  at  miDute'siipulei 
night  at  69i°  above  the  horizon.  In  the  unusually  lirg* 
evening  the  rising  of  the  petioles  is  almost 
oompleted  before  the  leaflets  sink  perpendicularly  downwards. 
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Cimimnulalion. — Tlie  circumaulating  movemenU  of  four 
young  shoots  were  obsciycd  (luring  5  h.  15  m. ;  and  in  thjs  time 
each  completed  an  oval  figure  of  small  size.  The  main  petiole 
also  circumnutates  rapidly,  for  in  the  course  of  31  m.  (temp, 
ill"  F.)  it  changed  its  course  by  as  much  as  a  rectangle  six  times, 
ddstribing  a  figure  which  apparently,  represented  two  ellipe«B, 
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Tlie  movement  of  Iho  tcnninal  leaflet  by  means  of  its  sub- 
petiole  or  pnlvinus  is  quite  as  rapid,  or  even  more  so,  than  that 
of  tho  main  petiole,  and  has  much  greater  amplitude.  Pfcffir 
has  ^eull  *  these  leaflets  move  tlirough  an  angle  of  8"  in  tho 
course  of  from  10  to  30  seconds. 

A  fine,  nearly  full-grown  loaf  on  a  young  ]ilant,  8  inches  in 
height,  with  the  Rtctn  secured  to  a  stick  at  the  boEo  of  the  leaf, 
■voa  observed  from  8.30  a.m.  June  22nd  to  8  a.m.  June  24th 

•  '  Die  Periml.  Bcweg.,'  p.  35. 
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In  the  diagram  given  on  the  next  page  (Fig.  150),  the  two 
curved  broken  lines  at  the  base,  which  represent  the  nocturnal 
courses,  ought  to  bo  prolonged  far  downwards.  On  the  first 
day  the  leaflet  moved  thrice  down  and  thrice  up,  and  to  a  con- 
siderable distance  laterally;  the  course  was  also  remarkably 
crooked.  The  dots  were  generally  made  every  hour;  if  they 
had  been  made  every  few  minutes  all  the  lines  would  have  been 
zigzag  to  an  extraordinary  degree,  with  here  and  there  a  loop 
formed.  We  may  infer  that  this  would  have  been  the  case, 
because  five  dots  were  made  in  the  course  of  31  m.  (between 
12.84  and  1.5  p.m.),  and  we  see  in  the  upper  part  of  the  diagram 
how  crooked  the  course  here  is ;  if  only  the  first  and  last  dots 
had  been  joined  we  should  have  had  a  straight  line.  Exactly 
the  same  fact  may  he  seen  in  the  lines  representing  the  course 
between  2.24  p.m.  and  3  p.m.,  when  six  intermediate  dots  were 
made ;  and  again  at  4.46  and  4.50.  But  the  result  was  widely 
different  after  6  p.m., — that  is,  after  the  great  nocturnal  descent 
had  commenced ;  for  though  nine  dots  were  then  made  in  the 
course  of  32  m.,  when  these  were  joined  (see  Figure)  the  line  thus 
formed  was  almost  straight.  The  leaflets,  therefore,  begin  to 
descend  in  the  afternoon  by  zigzag  lines,  but  as  soon  as  the 
descent  becomes  rapid  their  whole  energy  is  expended  in  thus 
moving,  and  their  course  becomes  rectilinear.  After  the  leaflets 
are  completely  asleep  they  move  very  little  or  not  at  all. 

Had  the  above  plant  been  subjected  to  a  higher  temperature 
than  67° — ^70°  F.,  the  movements  of  the  termiual  leaflet  would 
probably  have  been  even  more  rapid  and  wider  in  extent  than 
those  shown  in  the  diagram ;  for  a  plant  was  kepi  for  some  time 
in  the  hot-hou>e  at  from  92° — 93°  F.,  and  in  the  course  of  35  m. 
the  apex  of  a  leaflet  twice  descended  and  once  ascended,  travelling 
over  a  space  of  1*2  inch  in  a  vertical  direction  and  of  '82  inch  in 
a  horizontal  direction.  Whilst  thus  moving  the  leaflet  also 
rotated  on  its  own  axis  (and  this  was  a  point  to  which  no  atten- 
tion had  been  before  paid),  for  the  plane  of  the  blade  differed  by 
41°  after  an  interval  of  only  a  few  minutes.  Occasionally  the 
leaflet  stood  still  for  a  short  time.  There  was  no  jerking  move- 
ment, which  is  so  characteristic  of  the  little  lateral  leaflets.  A 
sudden  and  considerable  fall  of  temperature  causes  the  terminal 
leaflet  to  sink  downwards ;  thus  a  cut-off  leaf  was  immersed  in 
water  at  95°  F.,  which  was  slowly  raised  to  103°  F.,  and  after- 
wards allowed  to  sink  to  70°  F.,  and  the  sub-petiole  of  the  ter- 
minal leaflet  then  curved  downwards.   The  water  was  afterwards 


MODIFIED  CIBCUMNUTATION. 
Fig.  L50. 


Ohap.  VII.  SLEEP  OF  LEAVES  36 1 

raised  to  120°  F.,  and  the  sub-petiole  straightened  itself.  Similar 
experiments  with  leaves  in  water  were  twice  roi>eated,  with 
nearly  the  same  result.  It  should  be  added,  that  water  raised 
to  even  122°  F.  docs  not  soon  kill  a  leaf.  A  plant  was  placed 
in  darkness  at  8.37  a.m.,  and  at  2  p.m.  (i.e.  after  5  h.  23  m.),  though 
the  leaflets  had  sunk  considerably,  they  had  by  no  means  ac- 
quired their  nocturnal  vertically  dejicndent  position.  Pfeffer,  on 
the  other  hand,  says  ♦  that  this  occurred  with  him  in  from  3  h, 
to  2  h. ;  perhaps  the  difference  in  our  results  may  be  due  to 
the  plant  on  which  we  exjierimented  being  a  very  yoimg  and 
vigorous  seedling. 

The  Movements  of  tJie  Utile  Latral  Leaflets. — These  have  been  so 
often  described,  that  we  will  endeavour  to  be  as  brief  as  possible 
in  giving  a  few  new  facts  and  conclusions.  The  leaflets  some- 
times quickly  change  their  position  by  as  much  as  nearly  180° ; 
and  their  sub-petioles  can  then  be  seen  to  become  greatly  curved. 
They  rotate  on  their  own  axes,  so  that  their  upjxjr  surfaces  are 
directed  to  all  points  of  the  compass.  The  figure  described  by 
the  apex  is  an  irregular  oval  or  ellipse.  They  sometimes  re- 
main stationary  for  a  j^eriwl.  In  these  several  respects  there  is 
no  difference,  except  in  rapidity  and  extent,  between  their  move- 
ments and  the  lesser  ones  performed  by  tlio  large  terminal 
leaflet  whilst  making  its  great  oscillations.  The  movements  of 
the  little  leaflets  arc  much  influenced,  as  is  well  known,  by 
temperature.  This  was  clearly  shown  by  immersing  leaves  with 
motionless  leaflets  in  cold  water,  whicli  was  slowly  raised  to 
103°  F.,  and  the  leaflets  then  moved  quickly,  describing  about  a 
dozen  little  irregular  circles  in  40  m.  By  this  time  the  water 
had  become  much  cooler,  and  the  movements  became  slower  or 
almost  ceased;  it  was  then  raised  to  100°  F.,  and  the  leaflets 
again  began  to  move  quickly.  On  another  occasion  a  tuft  of 
fine  leaves  was  immersed  in  water  at  53°  F.,  and  the  leaflets 
were  of  course  motionless.  The  water  was  raised  to  99°,  and 
the  leaflets  soon  began  to  move ;  it  was  raised  to  105°,  and  the 
movements  became  much  more  rapid ;  each  little  circle  or  oval 
being  completed  in  from  1  m.  30  s.  to  1  m.  45  s.  There  was, 
however,  no  jerking,  and  this  fact  may  perhaps  be  attributed  to 
the  resistance  of  the  water. 

Sachs  states  that  the  leaflet-s  do  not  move  until  the  surround- 
ing air  is  as  high  as  71° — ^72°  F.,  and  this  agrees  with  onr 
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experience  on  full-grown,  or  nearly  full-grown,  plants.  But  the 
leaflets  of  young  seedlings  exliibit  a  jerking  movement  at  much 
lower  temperatures.  A  seedling  was  kept  (April  16th)  in  a  room 
for  half  the  day  where  the  temperature  was  steady  at  &i°  F., 
and  the  one  leaflet  which  it  bore  was  continually  jerking,  but 
not  so  rapidly  as  in  the  hot-house.  The  pot  was  taken  in  the 
evening  into  a  bed-room  where  the  temperature  remained  at 
62®  during  nearly  the  whole  night;  at  10  and  11p.m.  and  at 
1  A.M.  the  leaflet  was  still  jerking  rapidly ;  at  3.30  a  m.  it  was  not 
seen  to  jerk,  but  was  observed  during  only  a  short  time.  It  was, 
however,  now  inclined  at  a  much  lower  angle  than  that  occupied 
at  I  A.M.  At  6.30  A.M.  (temp.  61°  F.)  its  inclination  was  still 
less  than  before,  and  again  less  at  6.45  a.m  ;  by  7.40  a  m.  it  had 
risen,  and  at  8.30  a.m.  was  again  seen  to  jerk.  This  leaflet, 
therefore,  was  moving  during  the  whole  night,  and  the  move- 
ment was  by  jerks  up  to  1  a.m.  (and  possibly  later)  and  again  at 
8.30  AM.,  though  the  temperature  was  only  61°  to  62°  F.  We 
must  therefore  conclude  that  the  lateral  leaflets  produced  by 
young  plants  differ  somewhat  in  constitution  from  those  on 
older  planta 

In  the  large  genus  Dcsmodium  by  far  the  greater  niunl)er 
of  the  species  are  trifoliate;  but  some  are  unifoliate,  and  even 
the  same  plant  may  bear  uni-  and  trifoliate  leaves.  In  most 
of  the  species  the  lateral  leaflets  are  only  a  little  smaller  thau 
the  terminal  one.  Therefore  the  lateral  leaflets  of  IK  gyram 
(see  former  Fig.  148)  must  l)e  considered  as  almost  rudi- 
mentary. They  are  also  rudimentary  in  function,  if  this  ex- 
pression may  be  used ;  for  tlicy  certainly  do  not  sleep  like  the 
full-sized  terminal  leaflets.  It  is,  however,  possible  that  the 
sinking  down  of  the  leaflets  between  1  a.m.  and  6.45  a.m.,  as 
alx)ve  described,  may  represent  sleep.  It  is  well  known  that 
the  leaflets  go  on  jerking  during  the  early  part  of  the  night; 
but  my  gardener  observed  (Oct.  13th)  a  plant  in  the  hot-house 
l)etween  5  and  6.30  a.m.,  the  temperature  having  been  kept  up 
to  82°  F.,  and  found  that  all  the  leaflets  were  inclined,  but  he 
saw  no  jerking  movement  until  6.55  a.m.,  by  which  time  the 
tenninal  leaflet  lia^i  risen  and  was  awake.  Two  days  after* 
wards  (Oct.  15th)  the  same  plant  was  ol)Rcrvcd  by  him  at 
4.47  A.M.  (temp.  77°  F.),  and  he  found  that  the  large  terminal 
leaflets  were  awake,  though  not  quite  horizontal ;  and  the  only 
cause  which  we  could  assign  for  this  anomalous  wakefulness  was 
that  the  plant  had  been  kept  for  experimental  purposes  during 
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the  previous  day  at  an  Tiiiiisnally  liigh  temperature ;  t]:e  little 
lateral  leaflets  were  also  jtrrkiug  at  tliis  hour,  but  whether 
there  was  any  connection  between  this  latter  fact  ami  the  sub- 
horizontal  positiou  of  the  terminal  leaflets  we  do  not  know. 
Anyhow,  it  is  certain  that  the  lateral  leaflets  do  not  sleep  like 
the  terminal  leaflets;  and  in  so  far  they  may  1«  srid  to  lie 
in  a  functionally  rudimentary  condition.  They  are  in  a  similar 
condition  in  relation  to  irritability;  for  if  a  plant  be  shaken 
or  syringed,  the  terminal  leaflets  sink  down  to  about  45°  lx>- 
neath  the  horizon ;  but  we  could  never  detect  any  effect  thus 
produced  on  the  lateral  leaflets;  yet  we  are  not  prej>ared  to 
assert  positively  that  rubbing  or  pricking  the  pulvinus  produces 
no  effect 

As  in  the  case  of  most  rudimentarj'  orpins,  the  leaflets  are 
Tariable  in  size;  they  often  depart  from  their  normal  position 
and  do  not  stand  opposite  one  another;  and  one  of  the  two  is 
frequently  absent.  This  absence  appeared  in  some,  but  not  in 
all  the  cases,  to  !«  due  to  the  leaflet  having  l^ecome  completely 
confluent  with  the  main  petiole,  as  might  be  inferred  from  the 
presence  of  a  slight  ridge  along  its  upi>er  margin,  and  from  the 
course  of  the  vessels.  In  one  instance  there  was  a  vestige  of 
the  leaflet,  in  the  sha|>e  of  a  minute  point,  at  the  further  end  of  the 
ridge.  The  frequent,  sudden,  and  complete  disappearance  of  one 
or  both  of  the  rudimentary  leaflets  is  a  rather  singular  fact ;  but 
it  is  a  much  more  surprising  one  that  the  leaves  which  are  first 
developed  on  seedling  plants  are  not  provided  with  them.  Thus, 
on  one  seedling  the  seventh  leaf  above  the  cotyledons  was  the 
first  which  bore  any  lateral  leaflets,  and  then  only  a  single  one. 
On  another  seedling,  the  eleventh  leaf  first  bore  a  leaflet;  of  the 
nine  succeeding  leaves  five  Itore  a  single  lateral  leaflet,  and 
four  bore  none  at  all ;  at  last  a  leaf,  the  twenty-first  above  the 
cotyledons,  was  provided  with  two  rudimentary  lateral  leaflets. 
From  a  widespread  analogy  in  the  animal  kingdom,  it  might 
have  been  expected  that  these  rudimentary  leaflets  would  have 
been  better  developed  and  more  regularly  present  on  very  young 
than  on  older  plants.  But  bearing  in  mind,  firstly,  that  long- 
lost  characters  sometimes  reappear  late  in  life,  and  secondly, 
that  the  species  of  Desmodium  are  generally  trifoliate,  but  that 
Bome  are  unifoliate,  the  suspicion  arises  that  D.  (fyrans  is 
descended  from  a  imifoliate  species,  and  that  this  was  descended 
from  a  trifoliate  one ;  for  in  this  case  both  the  absence  of  the 
little  lateral  leaflets  on  very  youog  seedlings,  and  their  sub- 
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sequent  appearance,  may  be  attributed  to  reversion  to  more  oi 
less  distant  progenitors.* 

No  one  supposes  that  the  rapid  movements  of  the  lateral 
leaflets  of  D.  gyran^  are  of  any  use  to  the  plant;  and  why 
they  should  behave  in  this  manner  is  quite  unknown.  We 
imagined  that  their  power  of  movement  might  stand  in  somfi 
relation  vrith  their  rudimentary  condition,  and  therefore  ob- 
served the  almost  rudimentary  leaflets  of  Mimosa  dlhida  vel 
sensitiva  (of  which  a  drawing  will  hereafter  be  given.  Fig.  159); 
but  they  exhibited  no  extraordinary  movements,  and  at  night 
they  went  to  sleep  like  the  full-sized  leaflets.  There  is,  how- 
ever, this  remarkable  difference  in  the  two  cases ;  in  Desmo- 
dium  the  pulvinus  of  the  rudimentary  leaflets  has  not  been 
reduced  in  length,  in  correspondence  with  the  reduction  of  the 
blade,  to  the  same  extent  as  has  occurred  in  the  Mimosa;  and  it 
is  on  the  length  and  degree  of  curvature  of  the  pulvinus  that  the 
amount  of  movement  of  the  blade  depends.  Thus,  the  average 
length  of  the  pulvinus  in  the  large  terminal  leaflets  of  Desmo- 
iium  is  3  mm.,  whilst  that  of  the  rudimentary  leaflets  is  2*86  mm. ; 
so  that  they  differ  only  a  little  in  length.  But  in  diameter  they 
differ  much,  that  of  the  pulvinus  of  the  little  leaflets  being  only 
0*3  muL  to  0*4  muL;  whilst  that  of  the  terminal  leaflets  is 
i*33  mm.  If  we  now  turn  to  the  Mimosa,  we  find  that  the 
average  length  of  the  pulvinus  of  the  almost  rudimentary 
leaflets  is  only  0'466  nun.,  or  rather  more  than  a  quarter  of  the 
length  of  the  pulvinus  of  the  full-sized  leaflets,  namely,  1  *  66  mm. 
In  this  small  reduction  in  length  of  the  pulvinus  of  the  rudi- 
mentary leaflets  of  Desmodium,  we  apparently  have  the  proxi- 
mate cause  of  their  great  and  rapid  circunmutating  movement, 
in  contrast  with  that  of  the  almost  rudimentary  leaflets  of  the 
Mimosa.  The  small  size  and  weight  of  the  blade,  and  the  little 
resistance  opposed  by  the  air  to  its  movement,  no  doubt  also  come 
into  play ;  for  we  have  seen  that  these  leaflets  if  immersed  in 
water,  when  the  resistance  would  bo  much  greater,  were  pre- 
vented from  jerking  forwards.  Why,  during  the  reduction  of 
the  lateral  leaflets  of  Desmodium,  or  during  their  reapx)earanc8 
— if  they  owe  their  origin  to  reversion — the  pulvinus  should 
have  been  so  much  less  affected  than  the  blade,  whilst  with  the 


*  Desmodium  vetiperiilionis  is  rudimentnry  lateral  lenflets.  Du- 
closely  allied  to  D.  gyraru^  and  chartro,  'Eleiuentsde  Botaoique, 
it  seems  only  occasionally  to  bear      18G7,  p.  353. 
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Himoea  the  pnlTinns  has  been  greatly  reduced,  ^e  do  not 
know.  Neverthelem,  it  dcserres  notice  that  the  reduction  of 
the  leaflets  in  these  two  genera  has  apparently  bccQ  effected  by 
a  different  process  and  for  a  different  end ;  for  with  the  Mimosa 
the  reduction  of  the  inner  and  basal  leaflets  was  necessary  from 
ihe  want  of  space;  bnt  no  such  necessity  exists  with  Desmo 
dinm,  and  the  rediiction  of  its  lateral  leaflets  seems  to  have 
btcn  dne  to  the  principle  of  compensation,  in  consequence  of 
the  great  size  of  the  terminal  leaflet. 

Uraria  (Trihe  6)  and  Cei.ln^ema  (Tribe  8).— The  leaflets  of 
Uraria  lasopui  and  the  leaves  of  a  Centrosema  from  Brazil 
both  sink  vertically  down  at  night.  In  the  latter  plant  the 
petiole  at  Uie  same  time  rose  161°. 

Amphieatyaa  vumuica  (Tribe  8). — The  leaflets  sink  down  vep- 
tioally  at  night,  and  the  petioles  likewise  bU  considerably. 


Fig.  ISI. 


7'Jfjwi 


A  petiole,  which  was  carefully  observed,  stood  during  the  day 
IB"  above  the  horizon  and  at  night  82°  below  it;  it  therefore 
fell  67°.  A  filament  was  fixed  traiiBversely  across  the  terminal 
leafiot  of  a  fine  young  lo^  (21  inches  in  length  inclnding  the 
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petiole),  and  the  movement  of  the  whole  leaf  was  traced  on  a 
vertical  glass.  This  was  a  bad  plan  in  some  rc8i)ects,  because 
the  rotation  of  the  leaflet,  independently  of  its  rising  or  falling, 
raised  and  depressed  the  filament ;  but  it  was  the  best  plan  for 
our  sjKjcial  purpose  of  observing  w^hethcr  the  leaf  moved  much 
after  it  had  gone  to  sleep.  The  plant  had  twined  closely  roimd 
a  thin  stick,  so  that  the  circumnutation  of  the  stem  was  pre- 
vented. The  movement  of  the  leaf  was  traced  during  48  h,, 
from  9  A.M.  July  10th  to  9  a.m.  July  12th.  In  the  figure  given 
(Fig.  151)  we  see  how  complicated  its  course  was  on  both  days : 
during  the  second  day  it  changed  its  course  greatly  13  times. 
The  leaflets  began  to  go  to  sleep  a  little  after  6  p.m.,  and  by 
7.15  P.M.  hung  vertically  down  and  were  completely  asleep; 
but  on  both  nights  they  continued  to  move  from  7.15  p.m. 
to  10.40  and  10.50  p.m.,  quite  as  much  as  during  the  day ;  and 
this  was  the  point  wliich  we  wished  to  ascertain.  We  see  in 
the  figure  that  the  great  sinking  movement  late  in  the  evening 
docs  not  differ  essentially  from  the  circumnutation  during 
the  day. 

Ghjcine  hUpida  (Tribe  8).— The  three  leaflets  sink  vertically 
down  at  night. 

Knjthrina  (Tribe  8). — Five  si>ecics  were  observed,  and  the 
leaflets  of  all  sank  vertically  down  at  night ;  with  E,  caffra  and 
with  a  second  unnamed  species,  the  petioles  at  the  same  time 
rose  slightly.  The  movements  of  the  terminal  leaflet  of  A',  crista- 
gain  (with  the  main  petiole  secured  to  a  stick)  were  traced 
from  6.40  a.m.,  June  8th,  to  8  a.m.  on  the  10th.  In  order  to 
observe  the  nyctitropic  movements  of  this  plant,  it  is  necessary 
that  it  should  have  grown  in  a  warm  greenhouse,  for  out  of 
doors  in  our  climate  it  does  not  sleep.  Wo  see  in  the  tracing 
(Fig.  152)  that  the  leaflet  oscillated  twice  up  and  down  between 
early  morning  and  noon ;  it  then  fell  greatly,  afterwards  rising 
till  3  p.m.  At  this  latter  hour  the  great  nocturnal  fall  com- 
menced. On  the  second  day  (of  which  the  tracing  is  not  given) 
there  was  exactly  the  same  double  oscillation  before  noon,  but 
only  a  very  small  one  in  the  afternoon.  On  the  third  morning 
the  leaflet  moved  laterally,  which  was  due  to  its  beginning  to 
assume  an  oblicjue  position,  as  seems  invariably  to  occur  with 
the  leaflets  of  tliis  species  as  they  grow  old.  On  both  nights  after 
the  leaflets  were  asleep  and  hung  vertically  down,  they  continued 
to  move  a  little  both  up  and  down,  and  from  side  to  side. 

Erythriua  cajfra. — A  filament  was  fixed  transversely  acrosa 
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a  terminal  leaflet,  as  wo  wished 
to  observe  its  movements  when 
at^leep.  Tlio  plant  was  placed 
in  the  morning  of  Juno  lOth 
under  a  skylight,  where  the 
light  was  not  bright;  and  wo 
do  not  know  whether  it  was 
owing  to  this  cause  or  to  the 
pjant  having  been  disturbed, 
but  the  leaflet  hung  vertically 
down  all  day;  nevertheless  it 
circnmnntated  in  this  posi- 
tion, describing  a  figure  wliich 
represented  two  irregular  el- 
lipses. On  the  next  day  it 
circumnutated  in  a  greater 
degree,  describing  four  irre- 
gular ellipses,  and  by  3  p.m. 
had  risen  into  a  horizontal  po- 
sition. By  7.15  P.M.  it  was 
asleep  and  vertically  deixjn- 
dent,but  continued  to  circum- 
nntate  as  long  as  observed, 
until  11  P.M. 

Eryth  rina  coraUodaidion .  — 
The  movemonts  of  a  terminal 
leaflet  were  traced.  During 
the  second  day  it  oscillated 
four  times  up  and  four  times 
down  between  8  a.m.  and  4 
P.M.,  after  which  hour  the  great 
nocturnal  fall  commenced.  On 
the  third  day  the  movement 
was  equally  great  in  ampli- 
tude, but  was  remarkably 
simple,  for  the  leaflet  rose  in 
an  almost  perfectly  straight 
line  from  6.5U  a.m.  to  3  p.m., 
and  then  sank  down  in  an 
equally  straight  line  until 
vertically  dependent  and 
asleep. 


Fig.  152. 
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Srythrifia  cri^ti-gaUi:  circumnuta- 
tion  and  nyctitropic  movement 
of  terminal  leaflet,  3}  inches  in 
length,  traced  during  2o  h. ;  npex 
of  leaf  3]^  inches  from  the  vertical 
glass.  Figure  reduced  to  one-half 
of  original  scale.  Plant  illumi- 
nated from  above;  temn.  17A'^- 
18J°  C. 
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Apios  tuheiosa  (Tribe  8). — The  leaflets  sink  veiiically  dowE 
at  night. 

F/ioseolus  vutuaris  (Tribe  8). — The  leaflets  likewise  sink  verti- 
cally down  at  night.  In  the  greenhouse  the  petiole  of  a  young 
ieaf  rose  16°,  and  that  of  an  older  leaf  10°  at  night.  With 
plants  growing  out  of  doors  the  leaflets  apparently  do  not  sleep 
until  somewhat  late  in  the  season,  for  on  the  nights  of  July  11th 
and  12th  none  of  them  were  asleep;  whereas  on  the  night  of 
August  15th  the  same  plants  had  most  of  their  leaflets  verti- 
cally dependent  and  asleep.  With  Ph,  caiacaila  and  Hernan- 
dtsii,  the  primary  unifoliate  leaves  and  the  leaflets  of  the 
secondary  trifoliate  leaves  sink  vertically  down  at  night.  This 
holds  good  with  the  secondary  trifoliate  leaves  of  Ph,  i?«r- 
huryhii,  but  it  is  remarkable  that  the  primary  unifoliate  leaves, 
which  are  much  elongated,  rise  at  night  from  about  20°  to 
alx)ut  60°  above  the  horizon.  With  older  seedlings,  however, 
having  the  secondary  leaves  just  develoiMjd,  the  primary  leaves 
stand  in  the  middle  of  the  day  horizontally,  or  are  deflected 
a  little  beneath  the  horizon.  In  one  such  case  the  primary 
leaves  rose  from  26°  beneath  the  horizon  at  noon,  to  20°  above 
it  at  10  P.M.;  whilst  at  this  same  hour  the  leaflets  of  the 
secondary  leaves  were  vertically  dependent.  Here,  then,  we 
have  the  extraordinary  case  of  the  priniary  and  secondary 
leaves  on  the  same  plant  moving  at  the  same  time  in  opposite 
directions. 

We  have  now  seen  that  the  leaflets  in  the  six  genera  of  Pha- 
seoleflB  observed  by  us  (with  the  exception  of  the  primary  leaves 
of  Phaseolus  Boxhuryhii)  all  sleep  in  the  same  manner,  namely, 
by  sinking  vertically  down.  The  movements  of  the  petioles 
were  observed  in  only  three  of  these  genera.  They  rose  in 
Gcntrosema  and  Phaseolus,  and  sunk  in  Amphicarpsea. 

Scfjfhora  chrysophylla  (Tribe  10). — The  leaflets  rise  at  night, 
and  are  at  the  same  time  directed  towards  the  apex  of  the  leaf, 
as  in  Mimoaa  pvdica. 

Cixsalpiniay  lloemfiiorylon^  Ghditschia,  Poinciana, — The  leaflets 
of  two  species  of  Cffisalpinia  (Tribe  13)  rose  at  nighi  With 
Hcematoxyhn  Campechianum  (Tribe  13)  the  leaflets  move  for- 
wards at  night,  so  that  their  midribs  stand  parallel  to  the 
petiole,  and  their  now  vertical  lower  surfaces  are  turned  out- 
wards (Fig.  153).  The  petiole  sinks  a  little.  In  Gleditschia,  if 
we  understand  correctly  Duchartre's  description,  and  in  Poin^ 
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ciana  GUlieni  (both  belonging  to  Tribe  13),  the  leaves  behave 
in  the  same  manner. 

Fig.  153. 


A. 


B. 


Hamatoxylon  Campechianum  :  A,  branch  during  davtime  ;  B,  branch  with 
leaves  asleep,  reduced  to  two  thirds  of  natural  scale. 

CoMia  (Tribe  14). — The  nyctitropic  movements  of  the  leaves 
in  many  species  in  this  genus  are  closely  alike,  and  are  highly 
complex.  They  were  first  briefly  dcscrilied  by  Liamaeus,  and  since 
by  Dnchartre.  Our  observations  were  made  chiefly  on  O,  flori- 
hunda  *  and  corymbosa,  but  several  other  species  were  casually 
observed.  The  horizontally  extended  leaflets  sink  down  verti- 
cally at  night ;  but  not  simply,  as  in  so  many  other  genera,  for 
each  leaflet  rotates  on  its  own  axis,  so  that  its  lower  surface 
&ce8  outwards.  The  upper  surfaces  of  the  opposite  leaflets  are 
thus  brought  into  contact  with  one  another  beneath  the  petiole, 
and  are  well  protected  (Fig.  154).  The  rotation  and  other  move- 
ments are  effected  by  means  of  a  well-developed  pulvinus  at  the 
base  of  each  leaflet,  as  could  be  plainly  seen  when  a  straight 
narrow  black  line  had  been  painted  along  it  during  the  day. 
The  two  terminal  leaflets  in  the  daytime  include  rather  less  than 
a  right  angle;  but  their  divergence  increases  greatly  whilst  they 


•  I  am  informed  by  Mr.  Dyer 
that  Mr.  Bentlinm  believes  that 
C.  floriifuiidi  (a  common  green- 
bouBe  hxxsM)  is  a  hybrid  rai&e<l  in 
France,  and  that   it   cjmeB  very 


near  to  C  lcBvigat<i,  It  in  no  doubt 
the  Slime  as  the  form  described  by 
landley  (•  Hot  Reg./  Tab.  1422; 
AA  C.  Herbfriiana, 
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sink  downnorda  and  rotate,  bo  that  they  stand  laterally  at  night, 
OB  ma;  bo  seen  in  the  figure.  Moreover,  they  more  somewhat 
backwordfi,  bo  as  to  point  towards  the  base  of  the  petiola 


-^*v 


fu  one    instance  we  found  that  t)ie  midrib  of  a   t«niunBl 
leaflet  fanned  ut  night  an  angle  of  3G°,  with  a  line  dropped 
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perpendicularly  from  the  end  of  the  petiole.  Tlie  eecond  pair 
of  leaflets  likewise  moves  s  little  bEtckworda,  bnt  less  than  the 
terminat  pair;  sndthe  third  pair  movea  vertically  down warde, 
or  even  a  little  forwards.  Thus  all  the  leaflets,  in  those  species 
which  bear  only  3  or  4  pairs,  lend  to  form  a  single  packet,  with 
their  upper  sorfacee  in  contact,  and  their  lower  surfaces  tamed 
ontwords.  Lastly,  the  main  petiole  rises  at  night,  but  with 
leaves  of  diflerent  ages  to  very  different  degrees,  namely,  some 
tose  thioogh  an  angle  of  only  12^,  and  others  as  much  as  41°. 

Catma  railiantlia. — The  leaves  bear  a  large  number  of  leaflets, 
which  move  at  night  in  nearly  the  same  manner  as  Just 
described;  but  the  petioles  apparently  do  not  rise,  and  one 
which  was  carefully  observed  certainly  fell  3°. 

Cauia  pubexeha.  —  The  chief  difference  in  the  uyctitropio 
Fig.  155. 


movements  of  this  species,  compared  with  thase  of  the  former 
■pedes,  consists  in  the  leaflete  not  rotating  nearly  ao  mnch; 
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therefore  their  lower  surfaces  face  but  little  outwards  at  night 
The  petioles,  which  during  the  day  are  inclined  only  a  little 
above  the  horizon,  rise  at  night  in  a  remarkable  manner,  and 
stand  noirly  or  quite  vertically.  This,  together  with  the 
dependent  position  of  the  leaflets,  makes  the  whole  plant  won- 
derfully compact  at  night.  In  the  two  foregoing  figures,  copied 
from  photographs,  the  same  plant  is  represented  awake  and 
asleep  (Fig.  155),  and  we  see  how  different  is  its  appearance. 

Cassia  mimosuidts,— ki  night  the  numerous  leaflets  on  each 
leaf  rotate  on  their  axes,  and  their  tips  move  towards  the  apex 
of  the  leaf;  they  thus  become  imbricated  with  their  lower 
surfaces  directed  upwards,  and  with  their  midribs  almost 
parallel  to  the  petiole.  Consequently,  this  species  differs  from 
all  the  others  seen  by  us,  with  the  exception  of  the  following 
one,  in  the  leaflets  not  sinking  down  at  night.  A  petiole,  the 
movement  of  which  was  measured,  rose  8°  at  night. 

Cassi<i  Bardayana. — The  leaflets  of  this  Australian  species  are 
numerous,  very  narrow,  and  almost  linear.  At  night  they  rise  up 
a  little,  and  also  move  towards  the  apex  of  the  leaf.  For  instance, 
two  opposite  leaflets  which  diverged  from  one  another  during 
the  day  at  an  angle  of  104°,  diverged  at  night  only  72°;  so  that 
each  had  risen  16°  above  its  diurnal  position.  The  petiole  of  a 
young  leaf  rose  at  night  34°,  and  that  of  an  older  leaf  19°. 
Owing  to  the  slight  movement  of  the  leaflets  and  the  consider- 
able movement  of  the  petiole,  the  bush  presents  a  different 
appearance  at  night  to  what  it  does  by  day ;  yet  the  leaves  can 
hardly  be  said  to  sleep. 

The  circunmutating  movements  of  the  leaves  of  C.  florihunda, 
calliatitha,  and  }mhtsceri8  were  observed,  each  during  three  or  four 
days;  they  were  essentially  alike,  those  of  the  last-named  species 
being  the  simplest.  The  petiole  of  C,  florihunda  was  secured  to 
a  stick  at  the  base  of  the  two  terminal  leaflets,  and  a  filament 
was  fixed  along  the  midrib  of  one  of  them.  Itfi  movements  were 
traced  from  1p.m.  on  August  13th  to  8.30  a.m.  17th;  but  those 
during  the  last  2  h.  are  alone  given  in  Fig.  156.  From  8  A.M.  on 
each  day  (by  which  hour  the  leaf  had  assumed  its  diurnal  posi- 
tion) to  2  or  3  P.M.,  it  either  zigzagged  or  circumnutated  over 
nearly  the  same  small  space ;  at  between  2  and  3  p.m.  the  great 
evening  fall  commenced.  The  lines  representing  this  fall  and 
the  early  morning  rise  are  oblique,  owing  to  the  pecuhar  manner 
in  which  the  leaflets  sleep,  as  already  described.  After  the 
leaflet  was  asleep  at  6  p.m.,  and  whilst  the  glass  filament  hung 
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perpenrlicularly  down,  the  movement  of  its  apex  was  traced 
until  10.30  P.M.;  and  during  this  whole  time  it  swayed  from 
side  to  side^  completing  more  than  one  ellipse. 

Bauhinia    (Jribe   15).—  Fig.  156 

The  nyctitropic  movements 
of  four  species  were  alike, 
and  were  highly  peculiar. 
A  plant  raised  from  seed 
sent  us  from  South  Brazil 
by  Fritz  Muller,  was  more 
especially  observed.  The 
leaves  are  large  and  deeply 
notched  at  their  ends.  At 
night  the  two  halves  rise 
up  and  close  completely 
together,  like  the  opposite 
leaflets  of  many  Legumi- 
no68B.  With  very  young 
plants  the  petioles  rise  con- 
siderably at  the  same  time ; 
one,  which  was  inclined  at 
noon  45°  above  the  hori- 
zon, at  night  stood  at  75° ; 
it  thus  rose  30°;  another 
rose  34°.  Whilst  the  two 
halves  of  the  leaf  are  closing, 
the  midrib  at  first  sinks 
vertically  downwards  and 
afterwards  bends  back- 
wards, so  as  to  pass  close 
along  one  side  of  its  own 
upwardly  inclined  petiole; 
the  midrib  being  thus  di- 
rected towards  the  stem  or 
azisofthe  plant  The  angle 

which  the  midrib  formed      /  , 

,  / 

with  the  horizon  was  mca-     !/ 

it 

Bured  in  one  case  at  dif- 
ferent hours :  at  noon  it  stood  horizontally ;  late  in  the  even- 
ing it  depended  vertically;  then  rose  to  the  opposite  side,  and 
at  10.15  P.M.  stood  at  only  27°  beneath  the  horizon,  being 
directed  towards  the  stem.    It  had  thus  travelled  through  153° 


i 
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Owing  to  this  movement — to  the  leaves  being  folded — and  to 
the  petioles  rising,  the  whole  plant  is  as  much  more  compact  at 
night  than  during  the  day,  as  a  fastigiate  Lombardy  poplar  is 
compared  with  any  other  species  of  poplar.  I#is  remarkable 
that  when  our  plants  had  grown  a  little  older,  viz.,  to  a  height 
of  2  or  3  feet,  the  petioles  did  not  rise  at  night,  and  the  midribs 
of  the  folded  leaves  were  no  longer  bent  back  along  one  side  of 
the  petiole.  We  have  noticed  in  some  other  genera  that  the 
petioles  of  very  young  plants  rise  much  more  at  night  than  do 
those  of  older  plants. 

Tamarindua  Indica  (Tribe  16).— The  leaflets  approach  or 
meet  each  other  at  night,  and  are  all  directed  towards  the  apex 
of  the  leaf.  They  thus  become  imbricated  with  their  midribs 
parallel  to  the  petiole.  The  movement  is  closely  similar  to 
that  of  Hsematoxylon  (see  former  Fig.  153),  but  more  striking 
from  the  greater  number  of  the  leaflets. 

Adenantheraf  ProsopiSf  and  Neptunia  (Tribe  20). — With  Affe- 
nanthera  pavonia  the  leaflets  turn  edgeways  and  sink  at  night. 
In  Prosopis  they  turn  upwards  With  Neptunia  oleracea  the 
leaflets  on  the  opposite  sides  of  tlie  same  pinna  come  into 
contact  at  night  and  are  directed  forwards.  The  pinnsB  them- 
selves move  downwards,  and  at  the  same  time  backwards  or 
towards  the  stem  of  the  plant.    The  main  petiole  rises. 

Mimosa  pudica  (Tribe  20). — This  plant  has  been  the  subject  of 
innumerable  observations;  but  there  are  some  joints  in  rela- 
tion to  our  subject  which  have  not  been  sufficiently  attended 
to.  At  night,  as  is  well  known,  the  opposite  leaflets  come  into 
contact  and  point  towards  the  apex  of  the  leaf;  they  thus  be- 
come neatly  imbricated  with  their  upper  surfaces  protected.  The 
four  pinnro  also  approach  each  other  closely,  and  the  whole  leaf 
is  thus  rendered  very  compact.  The  main  petiole  sinks  down- 
wards durinj?  the  day  till  late  in  the  evening,  and  rises  until 
very  early  in  the  morning.  The  stem  is  continually  circumnu- 
tating  at  a  rapid  rate,  though  not  to  a  wide  extent.  Some  very 
young  plants,  kept  in  darkness,  were  observed  during  two  days,  * 
and  although  subjected  to  a  rather  low  temperature  of  57® — 59*^  F., 
the  stem  of  one  described  four  small  ellipses  in  the  course  oi 
12  h.  We  shall  immediately  see  that  the  main  petiole  is  like- 
wise continually  circum nutating,  as  is  each  separate  pinna  and 
each  separate  leaflet.  Therefore,  if  the  movement  of  the  apex 
of  any  one  leaflet  were  to  be  traced,  the  course  described  would 
be  compounded  of  the  movements  of  four  separate  parts. 
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A  filament  hod  been  fixed  on  the  previous  cveiJog,  longi- 
tndinall;  to  the  main  petiole  of  a  nearly  full-grown,  Lighly- 
aeneiiive  leaf  (foot  jnclica  in  length),  the  stem  hariag  beaa 
Gecnred  to  a  stick  at  its  base ;  anil  a  tracing  was  mode  on  a 
verlical  glass  in  the  hot-house  imJer  a  high  temperature.  Id 
~ie  figure  given  (Fig.  157),  the 


SSVanJ^ 


first  dot  was  made  at  h30 
Angust  2nd,  uud  the  last  at  7 
p.u.ontheSrd.  DurJugl2h.0D 
the  first  da;  the  petiole  moved 
thrice  downwards  and  twice 
npw&rds.  Witliia  the  snme 
Itntgth  of  liino  on  tlie  second 
day,  it  moved  five  times  duws' 
wards  and  four  times  upwards. 
As  the  ascending  and  descend- 
ing lines  do  not  coincide,  the 
petiole  manifestly  circumuu- 
talee;  the  great  evening  fall  TSSiuiiJ' 
and  nocturnal  rise  lielng  an 
exaggeration  of  one  of  the  cir- 
comnutations.  It  shonld,  how- 
ever, be  observed  that  the  pe- 
tiole fell  much  lower  down  in 
the  evenings  than  could  be 
•een  on  the  vertical  glass  or  is 
represented  in  the  digram. 
After  7  p.m.  on  the  3rd  (when 
the  last  dot  in  Fig.  157  was 
made)tho  pot  was  carried  intd 
K  bed-room,  and  the  petiole  was 
found  at  12.50  a.m.  (i.e.  after 
midnight)  standing  almost  up- 
right, and  much  more  highly 
inclined  than  it  was  at  10.40 
»»      When  observed  spain  at   "'"^  f"'"'. 


fif.  157. 


B,  traced  during  34  h.  (' 


4  A.if.  it  hod  bcgiiQ  to  fall,  and 
coDtinued  falling  till  CIS  a 
after  which  hour  it  KiRzaRTcd  and  again  circiimnutateil.    Sniiiliir 
observations  were  mode  on  another  petiole,  with  nearly  the 
■aine  result. 
On  two  other  occasions  the  moTement  of  the  main  petiole 
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was  observed  every  two  or  three  minutes,  the  plants  being  kept 
at  a  rather  high  temperature,  viz.,  on  the  first  occasion  at 
77°— 81°  R,  and  the  filament  then  described  2i  ellipses  in  69  m. 
On  the  second  occasion,  when  the  temperature  w^as  81° — 86°  R, 
it  made  rather  more  than  3  ellipses  in  67  m.  Therefore, 
Fig.  157,  though  now  suflQciently  complex,  would  have  been  in- 
comparably more  so,  if  dots  had  been  made  on  the  glass  every 
*2  or  3  minutes,  instead  of  every  hour  or  half-hour.  Although 
the  main  petiole  is  continually  and  rapidly  describing  small 
ellipses  during  the  day,  yet  after  the  great  nocturnal  rising 
movement  has  commenced,  if  dots  are  made  every  2  or  3 
minutes,  as  was  done  for  an  hour  between  9.30  and  10.30  P  m. 
(temp.  84°  F.),  and  the  dots  are  then  joined,  an  almost  abso- 
lutely straight  line  is  the  result. 

To  show  that  the  movement  of  the  i)etiole  is  in  all  prol>a- 
bility  due  to  the  varying  turgescence  of  the  pulvinus,  and  not 
to  growth  (in  accordance  with  the  conclusions  of  Pfeffer),a  very 
old  leaf,  with  some  of  its  leaflets  yellowish  and  hardly  at  all 
sensitive,  was  selected  for  observation,  and  the  plant  was  kept 
at  the  highly  favourable  temp,  of  80°  F.  The  petiole  fell  from 
8  A.M.  till  10.15  A.M.,  it  then  rose  a  little  in  a  somewhat  zigzag 
line,  often  remaining  stationary,  till  5  p.m.,  when  the  great 
evening  fall  commenced,  which  was  continued  till  at  least 
10  P.M.  By  7  A.M.  on  the  following  morniug  it  had  risen  to  the 
same  level  as  on  the  previous  morning,  and  then  descended  in 
a  zigzag  line.  But  from  10.30  a.m.  till  4.15  p.m.  it  remained 
almost  motionless,  all  power  of  movement  being  now  lost  The 
petiole,  therefore,  of  this  very  old  leaf,  which  must  have  long 
ceased  growing,  moved  periodically ;  but  instead  of  circum- 
nutatiijg  several  times  during  the  day,  it  moved  only  twice 
down  and  twice  up  in  the  course  of  24  h.,  with  the  ascending 
and  descending  Uncs  not  coincident. 

It  has  already  Ixjen  stated  that  the  pinnaB  move  independently 
of  the  main  petiole.  The  petiole  of  a  leaf  was  fixed  to  a  cork 
support,  close  to  the  point  whence  the  four  pinnse  diverge,  with 
a  short  fine  filament  cemented  longitudinally  to  one  of  the  two 
terminal  pinnae,  and  a  graduated  semicircle  was  placed  close 
beneath  it.  By  looking  vertically  down,  its  angular  or  lateral 
movements  could  l>e  measured  with  accuracy.  Between  noon 
and  4.15  r  m.  the  pinna  changed  its  position  to  one  side  by  only 
7°;  but  not  continuously  in  the  same  direction,  as  it  moved 
four  times  to  one  side,  and  three  times  to  the  opposite  side, 
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in  one  instance  to  the  extent  of  IG*'.  Tliis  pinna,  tlierefore; 
circiuunntated.  Later  in  the  evening  the  four  pinneo  approach 
each  other,  and  the  one  which  was  observed  moved  inwards 
59°  between  noon  and  6.45  p.m.  Ten  observations  were  made 
in  the  course  of  2  h.  20  m.  (at  average  intervals  of  14  m.). 
between  4.25  and  G.45  p.m.  ;  and  there  was  now,  when  the  leal 
was  going  to  sleep,  no  swaying  from  side  to  side,  but  a  steady 
inward  movement.  Here  therefore  there  is  in  the  evening  the 
some  convei-siou  of  a  circumnutating  into  a  steady  movement 
in  one  direction,  as  in  the  case  of  the  main  petiole. 

It  has  also  been  stated  that  eac'i  separate  leaflet  circnm- 
nutates.  A  pinna  was  cemented  with  .shellac  on  the  summit  of 
a  little  stick  driven  firmly  into  the  ground,  immediately  l>encath 
a  pair  of  leaflets,  to  the  midribs  of  both  of  which  excessively 
tine  glass  filaments  were  attached.  This  treatment  did  not 
injure  the  leaflets,  for  they  went  to  sleep  in  the  usual  manner, 
and  long  retained  their  sensitiveness.  The  movements  of  one 
of  them  were  traced  during  49  h.,  as  shown  in  Fig.  158.  On  the 
first  day  the  leaflet  sank  down  till  1L30  a.m.,  and  then  rose 
till  late  in  the  evening  in  a  zigzag  line,  indicating  circum- 
nutition.  On  the  second  day,  when  more  accustomed  to  its 
new  state,  it  oscillated  twice  up  and  twice  down  during  the 
24  h.  This  plant  was  subjected  to  a  rather  low  temperature, 
viz.,  62'' — 64°  F.;  had  it  been  kept  warmer,  no  doubt  the  move- 
ments of  the  leaflet  would  have  l)een  much  more  rapid  and 
complicated.  It  may  l)e  seen  in  the  diagmm  that  the  ascending 
and  descending  lines  do  not  coincide;  but  the  large  amount  of 
lateral  movement  in  the  evening  is  the  result  of  the  leaflets 
bending  towards  the  apex  of  tlie  leaf  when  going  to  sleep. 
Another  leaflet  was  casually  observed,  and  found  to  be  con- 
tinually circumnutating  during  the  same  length  of  time. 

The  circumnutation  of  the  leaves  is  not  destroyed  by  their 
being  subjected  to  moderately  long  continued  darkness ;  but  the 
proper  periodicity  of  their  movements  is  lost.  Some  very  young 
seedlings  were  kept  during  two  days  in  the  dark  (temp.  57° — 59° 
F.),  except  when  the  circumnutation  of  their  stems  was  occa- 
sionally observed ;  and  on  the  evening  of  the  second  day  the 
leaflets  did  not  fully  and  properly  go  to  sleep.  The  pot  was 
tlien  placed  for  three  days  in  a  dark  cupboard,  under  nearly  the 
same  temperature,  and  at  the  close  of  this  period  the  leaflets 
showed  no  signs  of  sleeping,  and  were  only  slightly  sensitive  to 
a  touch.    On  the  following  day  the  stem  was  cemented  to  a 
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fitick,  and  the  movements  of  two  leaves  were  traced  on  a  vertical 
glass  during  72  li.  The  plants  were  still  kept  in  the  dark,  ex- 
cepting that  at  each  observation,  which  lasted  3  or  4  minateti 

Fig.  158. 


jcai 


MimoM  pudica:  circumnntation  and  nyctifropic  moyement  of  a  leaflet 
(with  pinna  secured),  traced  on  a  vertical  glass,  from  8  A.M.  Sept.  14th 
to  9  A.M.  16th. 


they  were  illuminated  by  two  candles.  On  the  third  day  the 
leaflets  still  exhibited  a  vestige  of  sensitiveness  when  forcibly 
pressed,  but  in  the  evening  they  showed  no  signs  of  sleep. 
Nevertheless,  their  petioles  continued  to  circnmnntate  distinctly, 
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ilthongh  the  profter  order  of  tlieir  moTcmcntB  in  lelation  to  tb( 
day  and  night  was  wholly  lost  Thus,  one  leaf  descended  during 
the  first  two  nights  (i.e.  between  10  p.m.  and  7  a.m.  next  morn- 
ing) instead  of  ascending,  and  on  the  third  night  it  moved 
cliieflj  in  a  lateral  diiectioD.  The  second  leaf  behaved  in  an 
equally  abnormal  manner,  moving  laterallj  during  the  first 
night,  deeeeuding  gretttly  daring  the  second,  and  ascending  to 
an  unusual  height  dnring  the  third  night. 

With  plants  kept  at  a  high  tempeiatnre  and  ciposed  to  ths 
light,  tlie  most  rapid  cireiimnutating  movement  of  the  apex 
of  a  leaf  which  was  observed,  amounted  to  ^^  of  an  inch  in 
one  second ;  and  this  would  have  equalled  ^  of  an  inch  in  a 
minute,  had  uot  the  leaf  occasionally  stood  still.  The  actual 
distance  travelled  by  the  apex  (as  asccrtaioed  hy  a  measure 
placed  close  to  the  leaf)  was  on  one  occasion  nearly  j  of  an  inch 
in  a  vertical  direction  in  15  m. ;  and  on  another  occasion  £  of  an 
inch  in  60  m. ;  but  there  was  also  some  lateral  movement. 

Mimota  albida.* — The  leaves  of  this  plant,  one  of  which  is  here 
Bgnied  (F^.  159)  reduced  to  J  of  the  natural  size,  present  some 
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interesting  peculiarities.  It  consists  of  a  long  petiole  bearing 
only  two  pinufe  (here  represented  aa  rather  more  divergent 
thjm  is  usual),  each  ivitlt  two  pairs  of  leaSets.    But  the  inner 
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basal  leaflets  are  greatly  reduced  in  size,  owing  prolmbly  to  the 
want  of  si)ace  for  their  full  development,  so  tliat  they  may  be 
considered  as  almost  rudimentary.  They  vary  somewhat  in 
size,  and  both  occasionally  disapjicar,  or  only  one.  Neverthe- 
less, they  are  not  in  the  least  rudimentary  in  function,  for  they 
are  sensitive,  extremely  heliotropic,  circumnutate  at  nearly  the 
same  rata  as  the  fully  developed  leaflets,  and  assume  when 
asleep  exactly  the  same  position.  With  M.  pudica  the  inner 
leaflets  at  the  base  and  between  the  pinnro  are  likewise  much 
shortened  and  obliquely  truncated ;  this  fact  was  well  seen  in 
some  seedlings  of  M.  pwiica,  in  which  the  third  leaf  above  the 
cotyledons  bore  only  two  pinnas,  each  with  only  3  or  4  pairs  of 
leaflets,  of  which  the  inner  liasal  one  was  less  than  half  as  long 
as  its  fellow;  so  that  the  whole  leaf  resembled  pretty  closely 
that  of  M.  alhida.  In  this  latter  species  the  main  petiole  termi- 
nates in  a  little  point,  and  on  each  side  of  this  there  is  a  pair 
of  minute,  flattened,  lancet-shaped  projections,  hairy  on  their 
margins,  which  drop  off  and  disappear  soon  after  the  leaf  is 
fully  developed.  There  can  hardly  be  a  doubt  that  these  little 
projections  are  the  last  and  fugacious  representatives  of  an 
additional  jmir  of  leaflets  to  each  pinna;  for  the  outer  one  is 
twice  as  broad  as  the  inner  one,  and  a  little  longer,  viz.  yf^  of  an 
inch,  wiiilst  the  inner  one  is  only  -J~8  long.  Now  if  the  Imsal 
pair  of  leaflets  of  the  existing  leaves  were  to  l>ecome  rudimen- 
tary, we  should  expect  that  the  rudiments  would  still  exliibit 
some  trace  of  their  present  great  inequality  of  size.  The  con- 
clusion that  the  pinnas  of  the  parent-form  of  M.  dlhida  possessed 
at  least  three  pairs  of  leaflets,  instead  of,  as  at  })resent,  only  two, 
is  supjx)rted  by  the  structure  of  the  first  true  leaf;  for  this 
consists  of  a  simple  i^etiole,  often  Ixjaring  three  pairs  of  leaflets. 
This  latter  fact,  as  well  as  the  presence  of  the  rudiments,  both 
lead  to  the  conclusion  that  3/.  alhida  is  descended  from  a  form 
the  leaves  of  which  bore  more  than  two  pairs  of  leaflets.  The 
second  leaf  above  the  cotyledons  resembles  in  all  respects  the 
leaves  on  fully  developed  plants. 

When  the  leaves  go  to  sleep,  each  leaflet  twists  half  round, 
so  as  to  present  its  edge  to  the  zenith,  and  comes  into  close 
contact  with  its  fellow.  The  pinna3  also  approach  each  other 
closely,  so  that  the  four  terminal  leaflets  come  together.  The 
large  biisal  leaflets  (with  the  little  rudimentary  ones  in  contact 
with  them)  move  inwards  and  forwards,  so  as  to  embrace  the 
outside  of  the  united  terminal  leaflets,  and  thus  all  eight  leaflets 


Chap.  VII.  SLEEP  OF  LEAVES.  381 

(the  rudimentary  ones  included)  form  together  a  single  vertical 
packet.  The  two  pinnaa  at  the  same  time  that  they  approach 
each  other  sink  downwards,  and  thus  instead  of  extending  hori- 
zontally in  the  same  line  with  the  main  petiole,  as  during  the 
day,  they  depend  at  night  at  about  45°,  or  even  at  a  greater 
angle,  beneath  the  horizon.  The  movement  of  the  main  jxitiolo 
seems  to  be  variable ;  w^e  have  seen  it  in  the  evening  27°  lower 
than  during  the  day ;  but  sometimes  in  nearly  the  same  position. 
Nevertheless,  a  sinking  movement  in  the  evening  and  a  rising 
one  during  the  night  is  prolwbly  the  normal  course,  for  this 
was  well-marked  in  the  petiole  of  the  first-formed  true  leaf. 

The  circumnutation  of  the  main  petiole  of  a  young  leaf  was 
traced  during  2J  days,  and  was  considerable  in  extent,  but  less 
complex  than  that  of  M,  pudica.  The  movement  was  much 
more  lateral  than  is  usual  with  circumnutating  leaves,  and  this 
was  the  sole  peculiarity  which  it  presented.  The  apex  of 
one  of  the  terminal  leaflets  was  seen  under  the  microscope  to 
travel  ^  of  an  inch  in  3  minutes. 

Mimos'i  marginata. — The  opposite  loafle Ik  riso  ii|»an<l  approach 
each  other  at  night,  but  do  not  come  into  close  contact,  except  in 
the  case  of  very  young  leaflets  on  vigorous  shoots.  Full-grown 
leaflets  circumnutate  during  the  day  slowly  and  on  a  small  scale. 

Schrankta  uncihota  (Tribe  20). — A  leaf  consists  of  two  or  three 
pairs  of  pinna),  each  bearing  many  small  leaflets.  These,  when 
the  plant  is  asleep,  are  directed  forwards  and  become  imbricated. 
The  angle  between  the  two  terminal  pinnae  was  diminished  at 
night,  in  one  case  by  15°;  and  they  sank  almost  vertically  down- 
wards. The  hinder  pairs  of  pinnaa  likewise  sink  downwards, 
but  do  not  convorge,  that  is,  move  towards  the  apex  of  the  leaf. 
The  main  petiole  does  not  become  depressed,  at  least  during  the 
evening.  In  tliis  latter  respect,  as  well  as  in  the  sinking  of  the 
pinnae,  there  is  a  marked  difi'erence  between  the  nyctitropic 
movements  of  the  present  plant  and  of  Mimosa  pudica.  It 
should,  however,  be  added  that  our  specimen  was  not  in  a  very 
vigorous  condition.  The  pinnae  of  bchrankia  aculeata  also  sink 
at  night 

Acacia  Farrustana  (Tribe  22). — The  different  appearance  pre- 
sented by  a  bush  of  this  plant  when  asleep  and  awake  is  won- 
derful. The  Fame  leaf  in  the  two  states  is  shown  in  tlie  following 
figure  (Fig.  IGOV  The  leaflets  move  towards  the  apex  of  the 
piaxuk  and  become  imbricated,  and  the  pinnte  then  look  like  bits 
3f  dADgliqg  string.    The  following  remarks  and  measurements 
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do  not  fully  apply  to  tho  Rmall  loaf  hero  figured.  The  pinna 
muvo  forwards  And  at  the  same  time  sink  dowDwards,  vhilst 
the  main  petiole  rises  considuraUy.  With  respect  to  the  degree 
of  movement :  the  two  terminal  ptnn»ofoue  specimen  formed 
together  au  angle  of  100°  during  the  day,  and  at  night  of  only 
SS°,  BO  each  had  moved  31°  forwiirda.  The  penultimata  pinna 
during  the  day  formed  together  an  angle  of  180°,  that  ia,  the; 
stood  in  a  straight  line  opposite  one  another,  and  at  night  each 
hud  moved  65°  forwards.    The  basal  pair  of  pinna  were  dirocted 

Fig.  160. 


Ammia  Famtnana^  A,  learduring  the  dny  ;  B,  th*  uina  leaf  ■!  night. 

during  the  day,  each  about  21'  Imckwards,  and  at  night  38" 
Forwards,  so  each  had  moved  59°  forwards.  But  the  pinnie  at 
the  same  time  sink  greatly,  and  sometimes  hang  almost  perpen- 
dicularly downwards.  The  main  jietiolo,  on  the  other  hand, 
rises  much :  by  8,30  p.m.  one  stood  34°  higher  than  at  noon, 
and  by  6  40  a.m.  on  the  following  morning  it  was  still  hijiher 
by  10°;  shorlly  after  this  hour  the  diiimnl  sinking  move- 
ment commencfni.  The  course  of  a  nearly  full-grown  loaf  wa» 
tranid  during  14  h. ;  it  was  strongly  zigzag,  and  apparentlj 
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represented   five   ellipses,  with  their  longer  axes  diflferently 
directed. 

Aibizzia  lophantha  (Tribe  23). — The  leaflets  at  night  come  into 
contact  with  one  another,  and  are  directed  towards  the  apex  of 
the  pinna.  The  pinnre  approach  one  another,  but  remain  in  the 
same  plane  as  during  the  day ;  and  in  tliis  respect  they  diflFer 
much  from  those  of  the  al)ove  Schrankia  and  Acacia.  The  main 
petiole  rises  but  little.  The  iirst-formcd  leaf  alx)ve  the  coty- 
ledons bore  11  leaflets  on  each  side,  and  these  slept  like  those 
on  the  subsequently  formed  leaves ;  but  the  i)etiole  of  this  first 
leaf  was  curved  downwards  during  the  day  and  at  night 
straightened  itself,  so  that  the  chord  of  its  arc  then  stood  16® 
higher  than  in  the  day-time. 

Melaleuca  erkafoUa  (Myrtiicc'OB). — According  to  Bouche  ('  Bot. 
Zeit.,*  1874,  p.  359)  the  leaves  sleep  at  night,  in  nearly  the  same 
manner  as  those  of  certain  sjiecies  of  Pimelia. 

(Enothra  moUissima  (Oiiagrariefe). — According  to  Linnaeus 
('Somnus  Plantamm'),  the  leaves  rise  up  vertically  at  night. 

Passiflora  grarilis  (Passifloracae). — The  young  leaves  sleep  by 
their  blades  hanging  vertically  downwards,  and  the  whole  length 
of  the  petiole   then  becomes    somewhat   curved  downwards. 
Externally  no  trace  of  a  pulvinus  can  be  fccu.    The  petiole  of 
the  uppermost  leaf  on  a  young  shoot  stood  at  10.45  a.m.  at  33° 
above  the  horizon ;  and  at  10.30  p.m.,  when  the  blade  was  verti- 
cally dependent,  at  only  15*^,  so  the  petiole  had  fallen  18*^.   That 
of  the  next  older  leaf  fell  only  7°.    From  some  unknown  cause 
the  leaves  do  not  always  sleep  properly.    Tlie  stem  of  a  plant, 
which  had  stood  for  some  time  before  a  north-east  window,  was 
secured  to  a  stick  at  the  base  of  a  young  leiif,  the  blade  of 
which  was  inclined  at  40'^  l)elow  the  horizon.    From  its  position 
the  leaf  had  to  be  viewed  obliquely,  consequently  the  vertically 
ascending  and  descending  movements  appeared  when  traced 
oblique.    On  the  first  day  (Oct.  12th)  the  leaf  descended  in  a 
zigzt^  lino  until  late  in  the  evening;  and  by  8.15  a.m.  on  the 
13th  had  risen  to  nearly  the  same  level  as  on  the  previous 
morning.     A  new  tracing  was  now  lx?gun  (Fig.  161).     The 
leaf  continued  to  rise  until  8.00  a.m.,  then  moved  a  little  to  the 
right,  and  afterwartls  descended.    Between  1 1  a.m.  and  5  p.m.  it 
circunmutated,  and  after  the  latter  hour  the  great  nocturnal 
£all  commenc^.     At  7.15  p.m.  it  deixjnded  vertically.     The 
dotted  line  ought  to  have  been  prolonged  much  lower  down  in 
the  figure.     By  6.50  a.m.  on  the  following  morning  (14th)  the 
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loaf  had  risen  greatly,  and  continued  to  rise  till  7.50  a.m.,  aftei 
which  hour  it  redescended.  It  should  be  ol«erved  that  the  lines 
traced  on  this  second  morning  would  have  coincided  with  and 
confused  those  previously  traced,  had  not  the  pot  been  slided 
a  very  little  to  the  left.  In  the  evening  (14th)  a  mark  was 
placed  behind  the  filament  attached  to  the  apex  of  the  leaf,  and 
its  movement  was  carefully  traced  from  5  p.m.  to  10.15  p.m. 

Fig.  IGl. 


PoiMiflora  gracilis:  circnmnutation  and  nyctitropic  moyement  of  leaf 
traced  on  verlicnl  glass,  from  8.20  A.M.  Oct.  13th  to  10  A.M.  14th 
Figure  reduced  to  two-thinis  of  origiual  scale. 

Between  5  and  7.15  p.m.  the  leaf  descended  in  a  straight  Une, 
and  at  the  latter  hour  it  appeared  vertically  dependent.  But 
Ix^tween  7.15  and  10.15  p.m.  the  line  consisted  of  a  succession 
of  steps,  the  cause  of  which  we  could  not  understand ;  it  was, 
however,  manifest  that  the  movement  was  no  longer  a  simple 
descending  one. 

Sitgcsheckia  or it^)) talis  (CJompositsB). — Some  seeillings  were 
raised  in  the  middle  of  winter  and  kept  in  the  hot-house ;  they 
flowered,  but  did  not  grow  well,  and  their  leaves  never  showed 
any  signs  of  sleep.  The  leaves  on  other  seedlings  raised  in  May 
were  horizontal  at  noon  (June  22nd),  and  dejxjnded  at  a  consi* 
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derabla  angle  beneath  the  horizon  at  10  p.m.  Iq  the  case  of  foui 
fouuglBh  leavea,  which  were  from  2  to  2V  inches  ia  length, 
these  angles  Vere  found  to  bo  50°,  56°,  60°,  and  65°.  At  the 
endof  A.ngnst,  when  thepkntshadgroTu  toaheight  of  lOtolI 
inches,  the  younger  leaves  were  so  nmch  curved  downwards  at 
night  thftt  they  might  truly  be  Boid  to  be  asleep.    l!hia  is  one 

Fif.  163. 


of  the  species  which  must  In  well  illuminated  during  the  dnj 
in  order  to  sleep,  for  on  two  occasions  when  plants  were  kept 
ftll  day  in  a  room  with  north-eaut  windows,  the  leaves  did  not 
sleep  at  night.  The  same  cause  prolobly  accounts  for  the 
leaves  on  onr  seedlings  raised  in  the  dead  of  the  winter  not 
deeping.  FrofesRor  PfofTer  informs  us  that  the  leaves  of 
anothar  spocies  (S.  Joruikntia  1)  hang  vertically  down  at  night 
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Il'Omtta  creru?tDaDd}?urpui'ea(ConYo]va]aces).— IhelniTeeoD 
Teiyyoimg  pi  ants,  a  foot  or  two  in  height,  are  depressed  at  iiight 
to  between  68°  and  b(P 
beneath  the  horizon; 
and  some  hang  quite 
Terticallj  'down  wan  In. 
On  the  following  moin- 
iug  the;  again  riso  inio 
a  horizontal  position. 
The  petioles  become 
at  sight  downwardly 
ctirred,  either  througli 
their  entire  length  or  in 
the  upiier  part  alone ; 
and  this  apparently 
causes  the  depression 
of  the  hlodc.  It  seems 
necessary  that  the 
leaves  should  be  well 
illuminated  during  the 
Aa,j  in  order  to  sleep, 
for  those  which  stood 
on  the  back  of  a  plant 
before  a  north-cnst 
window  did  not  sleep. 

Hicotiana  falucum 
(Tar,  Virginian)  and 
gfuuRi  (Solftnea).— Tho 
young  leftves  of  both 
these  species  sleep  b; 
licndinh  Tertically  up- 
wards. Figuiea  of  two 
shoots  of  H.  giawa, 
nwake  and  asleep  (F^ 
IG'2),  ftre  given  on  p 
3^  :  one  of  the  shoots, 
from  which  the  photo- 

of  l»a'f  4  iilrhei  fiom  glius.     Tpmp.  17 J"-     graphs  WCM  taken,  WAS 

18 ;"  C.     FiEura    rcUuged    to   one-hrtlf    accidentally  bent  to  one 

original  K.I..  gj^^ 

At  the  base  of  the  petiola  of  JV.  tahantm,  on  the  ontdde,  there 
B  a  mass  of  cells,  which  are  rather  smaller  than  elBewheni,  and 


fCBfiuiiJS 


lr,.«.«* 


lengih),  trkciKl  on  a 


riicdl  e1«« 


Chap.  VU.  BLEEP  OF  LEAVES.  387 

have  their  longer  axes  differently  directed  from  the  cells  of  tlie 
parenchyma,  and  may  therefore  be  considered  as  forming  a  sort 
of  pulvinus.  A  youDg  plant  of  N.  tibaum  was  selected,  and 
the  circumnutatioQ  of  the  fifth  leaf  al)ove  the  cotyledons  was 
observed  dnriog  three  days.  On  the  first  morning  (July  lOtli) 
the  leaf  fell  from  9  to  10  a.m.,  which  is  its  normal  course,  but 
rose  during  the  remainder  of  the  day ;  and  this  no  doubt  was 
due  to  its  being  illuminated  exclusively  from  al)ove;  for  properly 
the  evening  rise  does  not  commence  until  3  or  4  r.M.  In  the 
figure  as  given  on  p.  386  (Fig.  163)  the  first  dot  was  made  at 
3  P.M. ;  and  the  tracing  was  continued  for  the  following  65  h. 
When  the  leaf  pointed  to  the  dot  next  above  that  marked  3  p.m., 
it  stood  horizontally.  The  tracing  is  remarkable  only  from  its 
simplicity  and  the  straightncss  of  the  lines.  The  leaf  each  day 
described  a  single  great  ellipse;  for  it  should  be  observed  that 
the  ascending  and  descending  lines  do  not  coincide.  On  the 
evening  of  the  11th  the  leaf  did  not  descend  quite  so  low  as 
usual,  and  it  now  zigzagged  a  little.  The  diurnal  sinking  move- 
ment had  already  commenced  each  morning  by  7  a.m.  The  broken 
lines  at  the  top  of  the  figure,  representing  the  nocturnal  vertical 
position  of  the  leaf,  ought  to  be  prolonged  much  liighcr  up. 

Mirahilis  longijlora  and  jdlapa  (NyctagineaB). — The  first  pair 
of  leaves  above  the  cotyledons,  produced  by  seedlings  of  both 
these  species,  were  considerably  divergent  during  the  day,  and 
at  night  stood  up  vertically  in  close  contact  with  one  another. 
The  two  upixjr  leaves  on  an  older  seedling  were  almost  horizontal 
by  day,  and  at  night  stood  up  vertically,  but  were  not  in  close 
contact,  owing  to  tlie  resistance  offered  by  the  central  bud. 

Fofygffnum  aviculare  (Polygoneffi). — Professor  Batalin  informs 
us  that  the  young  leav&s  rise  up  vertically  at  night.  This  is 
likewise  the  case,  according  to  Linnceus,  with  several  species 
of  Amaranihus  (Amaranthacea)) ;  and  we  observed  a  sleep  move- 
ment of  this  kind  in  one  member  of  the  genus.  Again,  with 
Chenopodium  album  (Chenopodiete),  the  upper  young  leaves  ot 
some  seedlings,  about  4  inches  in  height,  wei-e  horizontal  or 
sub-horizontal  during  the  day,  and  at  10  p.m.  on  March  7th 
were  quite,  or  almost  quite,  vertical.  Other  seedlings  raised  in 
the  greenhouse  during  the  winter  (Jan.  28th)  were  observed  day 
and  night,  and  no  difference  could  be  perceived  in  the  position 
of  their  leaves.  According  to  Bouch^  ('  Bot.  Zeitung,*  1874, 
p.  359)  the  leaves  of  IHmtlia  linoides  and  spectahilis  (Thymeleae) 
sleep  at  night. 
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Euphorbia  jacquiniceflora  (EuphorbiacecB).  —  Mr.  Lynch 
called  our  attention  to  the  fact  that  the  young  leaves  of  thia 
plant  sleep  by  depending  vertically.  The  third  leaf  from  the 
summit  (March  Uth)  was  inclined  during  the  day  30°  beneath 
the  horizon,  aud  at  night  hung  vertically  down,  as  did  some  of 
tlie  still  younger  leaves.  It  rose  up  to  its  former  level  on  the 
following  morning.  The  fourth  and  fifth  leaves  from  the  summit 
stood  horizontally  during  the  day,  and  sank  down  at  night  only 
38°.  The  sixth  leaf  did  not  sensibly  alter  its  position.  The 
sinking  movement  is  due  to  the  downward  curvature  of  the 
petiole,  no  part  of  which  exhibits  any  structure  like  that  of 
a  pulvinus.  Early  on  the  morning  of  June  7th  a  filament  was 
fixed  longitudinally  to  a  young  leaf  (the  third  from  the  summit, 
and  2|  inches  in  length),  and  its  movements  were  traced  on 
a  vertical  glass  during  72  h.,  the  plant  being  illuminated  from 
above  through  a  skylight.  Each  day  the  leaf  fell  in  a  nearly 
straight  line  from  7  a.m.  to  5  p.m.,  after  which  hour  it  was  so 
much  inclined  downwards  that  the  movement  could  no  longer 
bo  traced ;  and  during  the  latter  part  of  each  night,  or  early  in 
the  morning,  the  leaf  rose.  It  therefore  circumnutated  in  a 
very  simple  manner,  making  a  single  large  ellipse  every  24  h., 
for  the  ascending  and  descending  lines  did  not  coincide.  On 
each  successive  morning  it  stood  at  a  less  height  than  on  the 
previous  one,  and  this  was  probably  due,  partly  to  the  increasing 
age  of  the  leaf,  and  partly  to  the  illumination  being  insufficient ; 
for  although  the  leaves  are  very  slightly  heliotropic,  yet,  accord- 
ing to  Mr.  Lynch *s  and  our  own  observations,  their  inclination 
during  the  day  is  determined  by  the  intensity  of  the  light.  On 
the  third  day,  by  which  time  the  extent  of  the  descending 
movement  had  much  decreased,  the  line  traced  was  plainly 
much  more  zigzag  than  on  any  previous  day,  and  it  appeared 
as  if  some  of  its  powers  of  movement  were  thus  expended.  At 
10  P.M.  on  June  7th,  when  the  leaf  depended  vertically,  its  move- 
ments were  observed  by  a  mark  being  placed  behind  it,  and  the 
end  of  the  attached  filament  was  seen  to  oscillate  slowly  and 
slightly  from  side  to  side,  as  well  as  upwards  and  downwards. 

Phyllauthun  ^truri  (Euphorbiacea)).  —  The  leaflets  of  this 
plant  sleep,  as  described  by  Pfeffer,*  in  a  remarkable  manner, 
apparently  like  those  of  Cassia,  for  they  sink  downwards  at 
night  and  twist  round,  so  that  their  lower  surfaces  are  turned 
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outwards.    They  are  furnished,  as  might  Lave  been  expected 
from  this  complex  kind  of  movement,  with  a  pulvinus. 

Gymnosperms. 

Pinus  Xordmanniana  (Conifene). — M.  Chatin  states*  that  the 
leaves,  which  are  horizontal  during  the  day,  rise  up  at  night,  so 
a-i  to  assun^e  a  position  almost  peqxjndicular  to  the  branch  from 
which  they  arise;  we  presume  tliat  he  here  refers  to  a  horizontal 
branch.  He  adds  :  "  En  m^me  temps,  ce  mouvement  d'erection 
est  accompagne  d'un  mouvement  de  torsion  imprime  a  la  paitie 
basilaire  do  la  feuille,  et  pouvant  souvent  parcourir  un  arc  de 
90  degres."  As  the  lower  surfaces  of  the  leaves  are  white, 
whilst  the  upper  are  dark  green,  tlie  tree  presents  a  widely 
different  appearance  by  day  and  night.  The  leaves  on  a  small 
tree  in  a  pot  did  not  exhibit  with  us  any  nyctitropic  move- 
ments. We  have  seen  in  a  former  chapter  tliat  the  leaves  of 
Pinus  pinaster  and  Austriuca  are  continually  circumuutating. 

Monocotyledons. 

Thalia  dtalhata  (Cannacece). — The  leaves  of  this  jjlaut  sleep 
by  turning  vertically  upwards ;  they  are  furnished  with  a  well- 
developed  pulvinus.  It  is  the  only  instance  known  to  us  of 
a  very  large  leaf  sleeping.  The  blade  of  a  young  leaf,  which 
was  as  yet  only  13i  inches  in  length  and  6]  in  breadth,  formed 
at  noon  an  angle  with  its  tall  petiole  of  121°,  and  at  night  stood 
vertically  in  a  line  with  it,  and  so  had  risen  59°.  The  actual 
distance  travelled  by  the  apex  (as  measured  by  an  orthogenic 
tracing)  of  another  large  leaf,  between  7.30  a.m.  and  10  p.m.,  was 
lOi  inches.  The  circumnutation  of  two  young  and  dwarfed 
leaves,  arising  amongst  the  taller  leaves  at  the  base  of  the  plant, 
was  traced  on  a  vertical  glass  during  two  days.  On  the  first  day 
the  apex  of  one,  and  on  the  second  day  the  apex  of  the  other  leaf, 
described  between  6.40  a.m.  and  4  pm.  two  ellipses,  the  longer 
axes  of  which  were  extended  in  very  different  direct  ions  from  the 
lines  representing  the  great  diurnal  sinking  and  nocturnal  rising 
movement. 

Maranta  aruwiinarea  (Cannacese). — The  blades  of  the  leaves, 
which  are  furnished  with  a  pulvinus,  stand  horizontally  during 


•  ♦  ComptcB  Rendus/  Jan.  1876,  p.  171. 
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the  day  or  between  10°  and  20°  above  the  horizon,  and  at  night 
vertically  upwards.  They  therefore  rise  between  70°  and  90°  at 
night.  The  plant  was  placed  at  noon  in  the  dark  in  the  hot- 
house, and  on  the  following  day  the  movements  of  the  leaves 
were  traced.  Between  8.40  and  10.30  a.m.  they  rose,  and  then 
fell  yreafly  till  1.37  p.m.  But  by  3  p.m.  they  had  again  risen  a 
little,  and  continued  to  rise  during  the  rest  of  the  afternoon  and 
night ;  on  the  following  morning  they  stood  at  the  same  level  as 
on  the  previous  .day.  Darkness,  therefore,  during  a  day  and  a 
half  dous  not  interfere  with  the  periodicity  of  their  movements. 
On  a  warm  but  stormy  evening,  the  plant  whilst  being  brought 
into  the  house,  had  its  leaves  violently  shaken,  and  at  night  not 
one  went  to  sleep.  On  the  next  morning  the  plant  was  taken 
back  to  the  hot-house,  and  again  at  night  the  leaves  did  not 
sleep ;  but  on  the  ensuing  night  they  rose  in  the  usual  manner 
lx}tween  70°  and  80°.  This  fact  is  analogous  with  what  we 
have  observed  with  climbing  plants,  namely,  that  much  agitation 
checks  for  a  time  their  power  of  circumnutation ;  but  the  eflFect 
in  this  instance  was  much  more  strongly  marked  and  prolonged. 
CoJocasia  autiquorum  (Caladium  esctdenfum,  Hort.)  (Aroidea;). 
— The  leaves  of  this  plant  sleep  by  their  blades  sinking  in  the 
evening,  so  as  to  stand  highly  inclined,  or  even  quite  vertically 
with  their  tips  pointing  to  the  ground.  They  are  not  provided 
with  a  pulvinus.  The  blade  of  one  stood  at  noon  1°  beneath  the 
horizon;  at  4.20  p.m.,  i:0° ;  at  6  p.m.,  43° ;  at  7.20  p.m.,  69° ;  and  at 
8  30  P.M.,  68°;  so  it  had  now  begun  to  rise  ;  at  10.15  p.m.  it  stood 
at  65^,  and  on  the  following  early  morning  at  11°  beneath  the 
horizon.  The  circumnutation  of  another  young  leaf  (with  its 
petiole  only  3^  inches,  and  the  blade  4  inches  in  length),  was 
traced  on  a  vertical  glass  during  48  h. ;  it  was  dimly  illuminated 
through  a  skylight,  and  this  seemed  to  disturb  the  proper  perio- 
dicity of  its  movements.  Nevertheless,  the  leaf  fell  greatly 
(luring  l)oth  afternoons,  till  either  7.10  pm.  or  9  p.m.,  when  it 
rose  a  little  and  moved  laterally.  By  an  early  hour  on  botli 
mornings,  it  had  assumed  its  diurnal  position.  The  well-marked 
lateral  movement  for  a  short  time  in  the  early  part  of  the  night; 
was  the  only  interesting  fact  which  it  presented,  as  this  caused 
the  ascending  and  descending  lines  not  to  coincide,  in  accord- 
ance with  tlie  general  rule  with  circumnutating  organs.  The 
movements  of  the  knaves  of  this  plant  are  thus  of  the  most 
simple  kind;  and  the  tracing  is  not  worth  giving.  We  have 
seen  that  in  another  genus  of  the  Aroidese,  namely,  Pistiai  the 
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leaves  rise  eo  much  at  night  that  thej  nuf  almost  be  said  to 
fJeep. 

atrtphiam  fionhvmdum'  (Uriunin«e)  —  The  oval  leaves  are 
jiTOTided  with  a  pnlTiuoB,  and  ore  cxlended  horizuotalK-  or 
declined  a  little  beneath  the  horizun  duriag  the  day.  Tho»« 
on  the  npriifht  culms  simply  rise  np  Tertioally  at  night,  ko 
that  their  tips  are  directed  towards  the  zenith.    (Fig.  l&l.) 

Fig  I'ii. 


OrapJU'iiin  fioribwidii 


Horizontally  extended  leaves  arising  from  much  inclined  or 
almost  horizontal  culmn,  move  at  night  so  that  their  tips 
point  towards  the  apex  of  the  culm,  with  one  lateral  mari:iii 
directed  towards  the  zenith;  and  in  order  to  assume  this 
position  the  leavps  havo  to  twist  on  their  own  axes  through  an 
angle  of  nearly  90°.  Thus  the  surface  of  the  blade  always  stands 
vertically,  whatever  may  be  the  position  of  the  midrib  or  of  llin 
leaf  as  a  whole. 

The  oirenmnntation  of  a  joiins  leaf  (2  3  incliesin  length)  wiis 
traced  during  48  h.  (Fig-  Kirj).  The  movement  was  romarkiib'y 
simple;  the  leaf  dcKccnded  from  before  G.40  a.m.  until  '2  or 
2.50  P.M.,  and  then  rose  no  as  to  stand  vertically  at  almut  6  p.m., 
descending  again  late  in  the  night  or  in  the  very  early  morning. 

•  A.  Bnins'iinrt  fjial  ..l)Bervcd 
thnt  the  1ea«M  of  thin  pUnt  Hlxl 
•f  HMrsilea  aleep :  see  -Hull,  da 
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Od  the  second  day  the  dosccnding  lino  zigza^cd  elightl;.    At 
Pig.  ibj,  tiBual,  the  ascending  and   de- 

scending lines  did  not  coincide. 
On  aoother  occasion,  when  the 
temperature  was  a  little  higlicr, 
Tiz.,  •W-'ie;"  C,  a  leaf  wm 
olieerved  17  times  between  E50 
A.u.  and  12.16  p.u. ;  it  changed 
its  coufM  by  as  much  as  a 
rectangle  six  times  in  this  in- 
terval of  3  h.  26  m.,  and  de- 
.ecribcd  two  irregular  ttiaDgles 
and  a  half.  TIte  leaf,  tbeiefore, 
on  this  occasion  circumnutated 
rapidly  and  in  a  complex 
manner. 


ACOTYLEDONS. 

JUartilta  qiiadii/oliafa  (Msr- 
sYleacea).— The  shape  of  a  leif, 
expanded  horizontally  during 
the  day,  is  shown  at  A  (Fig.  166). 
Each  leaflet  is  proTidcd  with 
a  well -developed  pulTinua. 
When  the  leaves  sleep,  the  two 
terminal  leaflets  rise  up,  twist 
half  round  and  come  into  con- 
tact with  one  another  (B),  and 
arc  afterwards  embraced  by  the 
two  lower  leaflets  \C);  so  that 
the  four  leaflets  with  their  lower 
Rurfaces  turned  outwards  form 
a  vertical  packet.  The  curva- 
ture of  tbe  summit  of  tlie  petiole 
of  tbe  le«f  flgnred  asleep,  is 
merely  accident»L  I%a  plant 
was  brou);ht  into  a  rocNu,  wbera 
the  tcDiporaturo  was  only  a  tittle 
aliove  00"  F.,  and  the  movement 
of  one  of  the  leaflets  (the  petiole 
liuviug  been  seemed)  ma  tnced 


a.  -nth  ;  filnmcn' 
Hie-t  iilnni{  tlie  midiib.  A)«i  d 
iHf  Hi  inchn  f>om  the  vertira 
gla»;  pUnb  iUumlnnlcd  frgir 
•bove.     TpTiiiK  •J^''--iH°  C. 
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dining  24  h.  (Fig.  167).    The  leaf  fell  from  the  early  morning 
till  1.50  PJL,  and  then  roee  till  6  pji .,  when  it  was  asleep.    A 

Fig.  166. 


A. 


(i. 


C 


ManUea  quadnfolia'a:  A,  leaf  during  the  day,  seen  from  Tcrtically  above  ; 
B,  leaf  bcgiDDins;  to  go  to  slcefs  seen  laterally;  C,  the  saoic  asleep. 
Figures  retluced  tu  one  half  of  natural  scale. 

vertically  dependent  glas^s  filament  was  now  fixed  to  one  of  the 
terminal  and  inner  leaflets ;  and  part  of  the  tracing  in  Fig.  167, 
after  6  p.m.,  shows  that  it  continued  to  sink,  making  one  zigzag, 
until  10.40  P.M.  At  6.45  A.ac  on  the  following  morning,  the  leaf 
was  awaking,  and  the  filament  pointed  above  the  vertical  g?ass, 

Fig.  107. 


^Tiffum.^^ 


lfar$UeaffUadrif('liat  I :  circumnntation  and  nyctitropic  movement  of  leaflet 
traced  on  vertical  glass,  during  nearly  24  h.  Figure  reduced  to  two- 
thirds  of  original  scale.     Plant  kept  at  rather  too  low  a  temperature. 

but  by  8.25  a  m.  it  occupied  the  position  shown  in  the  figure. 
The  diagram  differs  greatly  in  appearance  from  most  of  tliose 
previously  given;  and  this  is  due  to  the  leaflet  twisting  and 
moving  latetally  as  it  approaches  and  comes  into  contact  with 
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its  follow.  The  movement  of  another  leaflet,  when  asleep, 
was  traced  between  6  p.m.  and  10.35  p.m.,  and  it  clearly  cir- 
cumnutated,  for  it  continued  for  two  hours  to  sink,  then  rose, 
and  tlien  sank  still  lower  than  it  was  at  6  p.m.  It  may  be 
seen  in  the  preceiiing  figure  (167)  that  the  leaflet,  when  the 
plant  was  subjected  to  a  rather  low  temperature  in  the  house 
descended  and  ascended  during  the  middle  of  the  day  in  a 
somewhat  zigzag  lino;  but  when  kept  in  the  hot-house  from 
9  a.m.  to  3  p.m.  at  a  high  but  varying  temperature  (viz.,  between 
72^  and  83°  F.)  a  leaflet  (with  the  petiole  secured)  circumnutated 
rapidly,  for  it  made  tliree  largo  vertical  ellipses  in  the  course  of 
the  six  hours.  According  to  Brongniart,  Marsilea  pubescens sleeps 
like  the  present  species.  These  plants  are  the  sole  cryptogamic 
ones  known  to  sleep. 


Summary  and  Concluding  Remarks  on  the  Nyctitropic 
or  Sleep-movements  of  Leaves, — That  these  movements 
are  in  some  manner  of  high  importance  to  the  plants 
which  exhibit  them,  few  will  dispute  who  have  ob- 
served how  complex  they  sometimes  are.  Thus  with 
Cassia,  the  leaflets  which  are  horizontal  during  the 
day  not  only  bend  at  night  vertically  downwards  with 
tlic  terminal  pair  directed  considerably  backwards,  but 
they  also  rotate  on  their  own  axes,  so  that  their  lower 
surfaces  are  turned  outwards.  The  terminal  leaflet 
of  Melilotus  likewise  rotates,  by  which  movement  one 
of  its  lateral  edges  is  directed  upwards,  and  at  the 
same  time  it  moves  either  to  the  left  or  to  the  right, 
until  its  upper  surface  comes  into  contact  with  that  of 
tlie  lateral  leaflet  on  the  same  side,  which  has  like- 
wise rotated  on  its  own  axis.  With  Arachis,  all  four 
leaflets  form  together  during  the  night  a  single 
vertical  packet;  and  to  eflect  this  the  two  anterior 
leaflets  have  to  move  upwards  and  the  two  posterior 
ones  forwards,  besides  all  twisting  on  their  own  axes. 
In  the  genus  Sida  the  leaves  of  some  species  move  at 
night  through  an  angle  of  90^  upwards,  and  of  others 
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through  the  same  angle  downwards.  We  have  seen  a 
similar  difference  in  the  nyctitropic  movements  of  the 
cotyledons  in  the  genus  Oxalis.  In  Lupinus,  again, 
the  leaflets  move  either  upwards  or  downwards ;  and 
in  some  species,  for  instance  L,  luteus,  those  on  one 
side  of  the  star-shaped  leaf  move  up,  and  those  on  the 
opposite  side  move  down  ;  the  intermediate  ones  rota- 
ting on  their  axes  ;  and  by  these  varied  movements,  the 
whole  leaf  forms  at  night  a  vertical  star  instead  of  a 
horizontal  one,  as  during  the  day.  Some  leaves  and 
leaflets,  besides  moving  either  upwards  or  downwards, 
become  more  or  less  folded  at  night,  as  in  Bauhinia 
and  in  some  species  of  Oxalis.  The  positions,  indeed, 
which  leaves  occupy  when  asleep  are  almost  infinitely 
diversified ;  they  may  point  either  vertically  upwards 
or  downwards,  or,  in  the  case  of  leaflets,  towards  the 
apex  or  towards  the  base  of  the  leaf,  or  in  any  inter- 
mediate position.  They  often  rotate  at  least  as  much 
as  90°  on  their  own  axes.  The  leaves  which  arise 
from  upright  and  from  horizontal  or  much  inclined 
branches  on  the  same  plant,  move  in  some  few  cases 
in  a  different  manner,  as  with  Porlieria  and  Strephiuni. 
Tlie  whole  appearance  of  many  plants  is  wonderfully 
changed  at  night,  as  may  be  seen  with  Oxalis,  and 
still  more  plainly  with  Mimosa.  A  bush  of  Acacia 
Farnesiana  appears  at  night  as  if  covered  with  little 
dangling  bits  of  string  instead  of  leaves.  Excluding 
a  few  genera  not  seen  by  ourselves,  about  which  wn 
are  in  doubt,  and  excluding  a  few  others  the  leaflets  oi 
which  rotate  at  night,  and  do  not  rise  or  sink  much, 
there  are  37  genera  in  which  the  leaves  or  leaflets  rise, 
oft^n  moving  at  the  same  time  towards  the  apex  or 
towards  the  base  of  the  leaf,  and  32  genera  in  which 
they  sink  at  night. 

The  nyctitropic  movements  of  leaves,  leaflets,  and 
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p(;tioles  are  effected  in  two  different  ways ;  firstly,  by 
alternately  increased  growth  on  their  opposite  sides, 
preceded  by  increased  turgcscence  of  the  cells;  and 
secondly  by  means  of  a  pulvinus  or  aggregate  of  small 
cells,  generally  destitute  of  chlorophyll,  which  become 
alternately  more  turgescent  on  nearly  opposite  sides ; 
and  this  turgcscence  is  not  followed  by  growth  except 
during  the  early  age  of  the  plant.  A  pulvinus  seems 
to  be  formed  (as  formerly  shown)  by  a  group  of  cells 
ceasing  to  grow  at  a  very  early  age,  and  therefore  does 
not  differ  essentially  from  the  surrounding  tissues. 
The  cotyledons  of  some  species  of  Trifolium  are  pro- 
vided with  a  pulvinus,  and  others  are  destitute  of  one, 
and  so  it  is  with  the  leaves  in  the  genus  Sida.  We 
see  also  in  this  same  genus  gradations  in  the  state  of 
the  development  of  the  pulvinus ;  and  in  Nicotiana 
wo  have  what  may  probably  be  considered  as  the 
commencing  development  of  one.  The  nature  of  the 
movement  is  closely  similar,  whether  a  pulvinus  is 
absent  or  present,  as  is  evident  from  many  of  the 
diagrams  given  in  this  chapter.  It  deserves  notice 
that  when  a  pulvinus  is  present,  the  ascending  and 
descending  lines  hardly  ever  coincide,  so  that  ellipses 
are  habitually  described  by  the  leaves  thus  provided, 
whether  they  are  young  or  so  old  as  to  have  quite 
ceased  growing.  This  fact  of  ellipses  being  described, 
shows  that  the  alternately  increased  turgcscence  of 
the  cells  docs  not  occur  on  exactly  opposite  sides  of  the 
pulvinus,  any  more  than  the  increased  growth  which 
causes  the  movements  of  leaves  not  furnished  with 
pulvini.  When  a  pulvinus  is  present,  the  nyctitropic 
movements  are  continued  for  a  very  much  longer 
period  than  when  such  do  not  exist.  This  has  been 
amply  proved  in  the  case  of  cotyledons,  and  Pfeffer 
has  given  observations  to  the  same  effect  with  respect 
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to  leaves.  We  have  seen  that  a  leaf  of  Mimosa 
pudica  continued  to  move  in  the  ordinary  manner, 
though  somewhat  more  simply,  until  it  withered  and 
died.  It  may  be  added  that  some  leaflets  of  Trifoltum 
pratense  were  pinned  open  during  10  days,  and  on  the 
first  evening  after  b*iing  released  they  rose  up  and 
slept  in  the  usual  manner.  Besides  the  long  con- 
tinuance of  the  movements  when  eflected  by  the  aid 
of  a  pulvinus  (and  this  appears  to  be  the  final  cause 
of  its  development),  a  twisting  movement  at  night,  as 
Pfeffer  has  remarked,  is  almost  confined  to  leaves  thus 
provided. 

It  is  a  very  general  rule  that  the  first  true  leaf, 
though  it  may  diiier  somewhat  in  shape  from  the 
leaves  on  the  mature  plant,  yet  sleeps  like  them  ;  and 
this  occurs  quite  independently  of  the  fact  whether  or 
not  the  cotyledons  themselves  sleep,  or  whether  they 
sleep  in  the  same  manner.  But  with  Phaseolus  Rox- 
hurghii  the  first  unifoliate  leaves  rise  at  night  almost 
sufficiently  to  be  said  to  sleep,  whilst  the  leaflets  of 
the  secondary  trifoliate  leaves  sink  vertically  at  night. 
On  young  plants  of  Sida  rhombiefolia,  only  a  few 
inches  in  height,  the  leaves  did  not  sleep,  though  on 
rather  older  plants  they  rose  up  vertically  at  night. 
On  the  other  hand,  the  leaves  on  very  young  plants  of 
Cytisus  fragrans  slept  in  a  conspicuous  manner,  whilst 
on  old  and  vigorous  bushes  kept  in  the  greenhouse, 
the  leaves  did  not  exhibit  any  plain  nyctitropic  move- 
ment. In  the  genus  Lotus  the  basal  stipule-like 
leafle.ts  rise  up  vertically  at  night,  and  are  provided 
with  pulvini. 

As  already  remarked,  when  leaves  or  leaflets  change 
their  position  greatly  at  night  and  by  complicated 
movements,  it  can  hardly  be  doubted  that  these  must 
be  in  some  manner  beneficial  to  the  plant.     If  so,  we 
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miist  extenrl  the  same  conclusion  to  a  large  number  of 
sleeping  plants;  for  the  most  complicated  and  the 
simplest  nyctitropic  movements  are  connected  together 
by  the  finest  gradations.  But  owing  to  the  causes  spe- 
cified in  the  beginning  of  this  chapter,  it  is  impossible 
in  some  few  cases  to  determine  whether  or  not  certain 
movements  should  be  called  nyctitropic.  Generally, 
the  position  which  the  leaves  occupy  at  night  indi- 
cates with  sufficient  clearness,  that  the  benefit  thus 
derivcid,  is  the  protection  of  their  upper  surfaces  from 
radiation  into  the  open  sky,  and  in  many  cases  the 
mutual  protection  of  all  the  parts  from  cold  by  their 
being  brought  into  close  approximation.  It  should  be 
remembered  that  it  was  proved  in  the  last  chapter,  that 
leaves  compelled  to  remain  extended  horizontally  at 
night,  suffered  much  more  from  radiation  than  those 
which  were  allowed  to  assume  their  normal  vertical 
position. 

The  fact  of  the  leaves  of  several  plants  not  sleeping 
unless  they  have  been  well  illuminated  during  the 
day,  made  us  for  a  time  doubt  whether  the  pro- 
tection of  their  upper  surfaces  from  radiation  was  in 
all  cases  the  final  cause  of  their  well-pronounced 
nyctitropic  movements.  But  we  have  no  reason  to 
suppose  that  the  illumination  from  the  open  sky, 
during  even  the  most  clouded  day,  is  insuflScient  for 
this  purpose ;  and  we  should  bear  in  mind  that  leaves 
which  are  shaded  from  being  seated  low  down  on  the 
plant,  and  which  sometimes  do  not  sleep,  are  likewise 
protected  at  night  from  full  radiation.  Nevertheless, 
we  do  not  wish  to  deny  that  there  may  exist  cases  in 
which  leaves  change  their  position  considerably  at 
night,  without  their  deriving  any  benefit  from  such 
movements. 

Although  with  sleeping   plants  the  blades  almost 
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always  as«nme  at  night  a  vertical,  or  nearly  vertical 
]x>sition,  it  is  a  point  of  complete  indifference  whether 
the  apex,  or  the  base,  or  one  of  the  lateral  edges,  is 
directed  to  the  zenith.  It  is  a  rule  of  wide  generality, 
than  whenever  there  is  any  difference  in  the  degree  of 
exposure  to  rarliation  between  the  upper  and  the  lower 
surfaces  of  leaves  and  leaflets,  it  is  the  upper  which  is 
the  least  exposed,  as  may  be  seen  in  Lotus,  Cytisus, 
Trifolium,  and  other  genera.  In  several  species  of 
Lupinus  the  leaflets  do  not,  and  apparently  from 
their  structure  cannot,  place  themselves  vertically  at 
night,  and  consequently  their  upper  surfaces,  though 
highly  inclined,  are  more  exposed  than  the  lower ;  and 
here  we  have  an  exception  to  our  nile.  But  in  other 
species  of  this  genus  the  leaflets  succeed  in  placing 
themselves  vertically ;  this,  however,  is  effected  by  a 
very  unusual  movement,  namely,  by  the  leaflets  on 
the  opposite  sides  of  the  same  leaf  moving  in  opposite 
directions. 

It  is  again  a  very  common  rule  that  when  leaflets 
come  into  close  contact  with  one  another,  they  do  so 
by  their  upper  surfaces,  which  are  thus  best  protected. 
In  some  cases  this  may  be  the  direct  result  of  their 
rising  vertically ;  but  it  is  obviously  for  the  pro- 
tection of  the  upper  surfaces  that  the  leaflets  of 
Cassia  rotate  in  so  wonderful  a  manner  whilst  sinking 
downwards ;  and  that  the  terminal  leaflet  of  Melilotus 
rotates  and  moves  to  one  side  until  it  meets  the  lateral 
leaflet  on  the  same  side.  When  opposite  leaves  or 
leaflets  sink  vertically  down  without  any  twisting, 
their  lower  surfaces  approach  each  other  and  some- 
times come  into  contact;  but  this  is  the  direct  and 
inevitable  result  of  their  position.  With  many  species 
of  Oxalis  the  lower  surfaces  of  the  adjoining  leaflets 
are  pressed  together,  and  are  thus  better  protected 
18 
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than  the  upper  surfaces ;  but  this  depends  merely  ou 
each  leaflet  becoming  folded  at  night  so  as  to  be  able 
to  sink  vertically  downwards.  The  torsion  or  rotation 
of  leaves  and  leaflets,  which  occurs  in  so  many  cases, 
apparently  always  serves  to  bring  their  upper  surfaces 
into  close  approximation  with  one  another,  or  with 
other  parts  of  the  plant,  for  their  mutual  protection. 
We  see  this  best  in  such  cases  as  those  of  Arachis, 
Mimosa  alhida,  and  Marsilea,  in  which  all  the  leaflets 
form  together  at  night  a  single  vertical  packet.  If 
with  Mimosa  pudica  the  opposite  leaflets  had  merely 
moved  upwards,  their  upper  surfaces  would  have  come 
into  contact  and  been  well  protected ;  but  as  it  is, 
they  all  successively  move  towards  the  apex  of  the 
leaf ;  and  thus  not  only  their  upper  surfaces  are  pro- 
tected, but  the  successive  pairs  become  imbricated  and 
mutually  protect  one  another  as  well  as  the  petioles. 
This  imbrication  of  the  leaflets  of  sleeping  plants  is  a 
common  phenomenon. 

The  nyctitropic  movement  of  the  blade  is  gene- 
rally effected  by  the  curvature  of  the  uppermost  part 
of  the  petiole,  which  has  often  been  modified  into  a 
pulvinus ;  or  the  whole  petiole,  when  short,  may  be 
thus  modified.  But  the  blade  itself  sometimes  curves 
or  moves,  of  which  fact  Bauhinia  offers  a  striking 
instance,  as  the  two  halves  rise  up  and  come  intc 
close  contact  at  night.  Or  the  blade  and  the  uppei 
part  of  the  petiole  may  both  move.  Moreover,  the 
petiole  as  a  whole  commonly  either  rises  or  sinks  at 
night.  This  movement  is  sometimes  large :  thus  the 
petioles  of  Cassia  pubescens  stand  only  a  little  above 
the  horizon  during  the  day,  and  at  night  rise  up 
almost,  or  quite,  perpendicularly.  The  petioles  of  the 
younger  leaves  of  Desmodium  gyrans  also  rise  up  ver- 
tically at  night.    On  the  other  hand,  with  Amphi- 
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carpaea,  the  petioles  of  some  leaves  sank  down  as 
much  as  57^  at  night;  with  Arachis  they  sank  39"", 
and  then  stood  at  right  angles  to  the  stem.  Gene- 
rally, when  the  rising  or  sinking  of  several  petioles  on 
the  same  plant  was  measured,  the  amount  differed 
greatly.  This  is  largely  determined  by  the  age  of  the 
leaf :  for  instance,  the  petiole  of  a  moderately  old  leaf 
of  Desmodium  gyrans  rose  only  46°,  whilst  the  young 
ones  rose  up  vertically ;  that  of  a  young  leaf  of  Cassia 
florihunda  rose  41°,  whilst  that  ol  an  older  leaf  rose 
only  12°.  It  is  a  more  singular  fact  that  the  age  of 
the  plant  sometimes  influences  greatly  the  amount  of 
movement ;  thus  with  some  young  seedlings  of  a  Bau- 
hinia  the  petioles  rose  at  night  30°  and  34°,  whereas 
those  on  these  same  plants,  when  grown  to  a  height 
of  2  or  3  feet,  hardly  moved  at  all.  The  position  of 
the  leaves  on  the  plant  as  determined  by  the  light, 
seems  also  to  influence  the  amount  of  movement 
of  the  petiole;  for  no  other  cause  was  apparent 
why  the  petioles  of  some  leaves  of  Melilotus  officinalis 
rose  as  much  as  59°,  and  others  only  7°  and  9°  at 
night. 

In  the  case  of  many  plants,  the  petioles  move  at 
night  in  one  direction  and  the  leaflets  in  a  directly 
opposite  one.  Thus,  in  three  genera  of  Phaseoleoe  the 
leaflets  moved  vertically  downwards  at  night,  and  the 
petioles  rose  in  two  of  them,  whilst  in  the  third  they 
sank.  Species  in  the  same  genus  often  differ  widely 
in  the  movements  of  their  petioles.  Even  on  the  same 
plant  of  Lupinus imhcscens  some  of  the  petioles  rose  30°. 
others  only  6°,  and  others  sank  4'"  at  night.  The 
leaflets  of  Cassia  Barclayana  moved  so  little  at  night 
that  they  could  not  be  said  to  sleep,  yet  the  petioles 
of  some  young  leaves  rose  as  much  as  34°.  These 
several  facts  aj  parently  indicate  that  the  movements 
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of  the  petioles  are  not  performed  for  any  special  pur- 
pose; though  a  conclusion  of  this  kind  is  generally 
rash.  When  the  leaflets  sink  vertically  down  at  night 
and  the  petioles  rise,  as  often  occurs,  it  is  certain  that 
the  upward  movement  of  the  latter  does  not  aid  the 
leaflets  in  placing  themselves  in  their  proper  posi- 
tion at  night,  for  they  have  to  move  through  a 
greater  angular  spnce  than  would  otherwise  have  been 
necessary. 

Notwithstanding  what  has  just  been  said,  it  may  be 
strongly  suspected  that  in  some  cases  the  rising  of 
the  petioles,  when  considerable,  does  beneficially  serve 
the  plant  by  greatly  reducing  the  surface  exposed  to 
radiation  at  night.  If  the  reader  will  compare  the 
two  drawings  (Fig.  155,  p.  371)  of  Cassia  pvhescens^ 
copied  from  photographs,  he  will  see  that  the  dia- 
meter of  the  plant  at  night  is  about  one-third  of 
what  it  is  by  day,  and  therefore  the  surface  exposed 
to  radiation  is  nearly  nine  times  less.  A  similar 
conclusion  may  be  deduced  from  the  drawings  (Fig. 
149,  p.  358)  of  a  branch  awake  and  asleep  of  Des- 
modium  gyrans.  So  it  was  in  a  very  striking  manner 
with  young  plants  of  Bauhiuia,  and  with  Oxalis 
Ortege^iu 

We  are  led  to  an  analogous  conclusion  with  respect 
to  the  movements  of  the  secondary  petioles  of  certain 
pinnate  leaves.  The  pinnaB  of  Mimosa  pudica  con- 
verge at  night;  and  thus  the  imbricated  and  closed 
leaflets  on  each  separate  pinna  are  all  brought  close 
together  into  a  single  bundle,  and  njutually  protect 
one  another,  with  a  somewhat  smaller  surface  exposed 
to  radiation.  With  Alhizzia  lophaniha  the  pinnae  close 
together  in  the  same  manner.  Although  the  pinniB 
of  Acacia  Farnesiana  do  not  converge  much,  they 
sink  downwards.     Tliose  of  Neptunia  oleracea  likewise 


Chap.VIL       summary  ON  SLEEP  OF  LEAVES.  403 

moye  downwards,  as  well  as  backwards,  towards  the 
base  of  the  leaf,  whilst  the  main  petiole  rises.  With 
Schrankia,  again,  the  pinna)  are  depressed  at  night. 
Now  in  these  three  latter  eases,  though  the  pinna) 
do  not  mutually  protect  one  another  at  night,  yet 
after  haying  sunk  down  they  expose,  as  does  a 
dependent  sleeping  leaf,  much  less  surface  to  the 
zenith  and  to  radiation  than  if  they  had  remained 
horizontal. 

Any  one  who  had  never  observed  continuously  a 
sleeping  plant,  would  naturally  suppose  that  the  leaves 
moved  only  in  the  evening  when  going  to  sleep,  and 
in  the  morning  when  awaking ;  but  he  would  be  quite 
mistaken,  for  we  have  found  no  exception  to  the  rule 
that  leaves  which  sleep  continue  to  move  during  the 
whole  twenty-four  hours;  they  move,  however,  more 
quickly  when  going  to  sleep  and  when  awaking  than 
at  other  times.  That  they  are  not  stationary  during 
the  day  is  shown  by  all  the  diagrams  given,  and  by 
the  many  more  which  were  traced.  It  is  troublesome 
to  observe  the  movements  of  leaves  in  the  middle  of 
the  night,  but  this  was  done  in  a  few  cases;  and 
tracings  were  made  during  the  early  part  of  the  night 
of  the  movements,  in  the  case  of  Oxalis,  Amphicarprea, 
two  species  of  Ery  thrina,  a  Cassia,  Passiflora,  Euphorbia 
and  Marsilea ;  and  the  leaves  after  they  had  gone  to 
sleep,  were  found  to  be  in  constant  movement.  When, 
however,  opposite  leaflets  come  into  close  contact  with 
one  another  or  with  the  stem  at  night,  they  are,  as  we 
believe,  mechanically  prevented  from  moving,  but  this 
point  was  not  suflBciently  investigated. 

When  the  movements  of  sleeping  leaves  are  traced 
during  twenty-four  hours,  the  ascending  and  descend- 
ing lines  do  not  coincide,  except  occasionally  and  by 
accident  for  a  shoit  space;  so  that  with  many  plants  a 
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single  large  ellipse  is  described  during  each  twenty-foui 
hours.  Such  ellipses  are  generally  narrow  and  ver- 
tically directed,  for  the  amount  of  lateral  movement  is 
small.  That  there  is  some  lateral  movement  is  shown 
by  the  ascending  and  descending  lines  not  coinciding, 
and  occasionally,  as  with  Desmodium  gyrans  and  Thalia 
dealhata,  it  was  strongly  marked.  In  the  case  of  Meli- 
lotus  the  ellipses  described  by  the  terminal  leaflet 
during  the  day  are  laterally  extended,  instead  of  ver- 
tically, as  is  usual ;  and  this  fact  evidently  stands  in 
relation  with  the  terminal  leaflet  moving  laterally 
when  it  goes  to  sleep.  With  the  majority  of  sleeping 
plants  the  leaves  oscillate  more  than  once  up  and 
down  in  the  twenty-four  hovrs ;  so  that  frequently  two 
ellipses,  one  of  moderate  size,  and  one  of  very  large  size 
which  includes  the  nocturnal  movement,  are  described 
within  the  twenty-four  hours.  For  instance,  a  leaf 
which  stands  vertically  up  during  the  night  will  sink 
in  the  morning,  then  rise  considerably,  again  sink  in 
the  afternoon,  and  in  the  evening  reascend  and  assume 
its  vertical  nocturnal  position.  It  will  thus  describe, 
in  the  course  of  the  twenty-four  hours,  two  ellipses  of 
unequal  sizes.  Other  plants  describe  within  the  same 
time,  three,  four,  or  five  ellipses.  Occasionally  the 
longer  axes  of  the  several  ellipses  extend  in  different 
directions,  of  which  Acacia  Farnesiana  ofl*ered  a  good 
instance.  The  following  cases  will  give  an  idea  of  the 
rate  of  movement :  Oxalis  acetosella  completed  two 
ellipses  at  the  rate  of  1  h.  25  m.  for  each ;  MarsUea 
quadrifoliata,  at  the  rate  of  2  h.;  Trifolium  subferraneum, 
one  in  3  h.  30  m. ;  and  Arachis  hypogaeay  in  4  h.  50  m. 
But  the  number  of  ellipses  described  within  a  given 
time  depends  largely  on  the  state  of  the  plant  and 
on  the  conditions  to  which  it  is  exposed.  It  often  hap- 
pens that  a  single  ellipse  may  be  described  during  one 
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day,  and  two  on  the  next.  Erythrina  corallodendron 
made  four  ellipses  on  the  first  day  of  observation 
and  only  a  single  one  on  the  third,  apparently  owing 
to  having  been  kept  not  sufficiently  illuminated  and 
perhaps  not  warm  enough.  But  there  seems  likewise 
to  be  an  innate  tendency  in  dififerent  species  of  the 
same  genus  to  make  a  different  number  of  ellipses  in 
the  twenty-four  hours :  the  leaflets  of  Trifolium  repens 
made  only  one ;  those  of  T,  resupincUum  two,  and  those 
of  T.  subterraneum  three  in  this  time.  Again,  the 
leaflets  of  Oxalis  Flumierii  made  a  single  ellipse ;  those 
of  0,  hupleurifolia,  two ;  those  of  0,  Valdiviana,  two  or 
three;  and  those  of  0.  acetosella,  at  least  five  in  the 
twenty-four  hours. 

The  line  followed  by  the  apex  of  a  leaf  or  leaflet, 
whilst  describing  one  or  more  ellipses  during  the  day, 
is  often  zigzag,  either  throughout  its  whole  course  or 
only  during  the  morning  or  evening :  Robinia  offered 
an  instance  of  zigzagging  confined  to  the  morning, 
and  a  similar  movement  in  the  evening  is  shown  in 
the  diagram  (Fig.  126)  given  under  Sida.  The  amount 
of  the  zigzag  movement  depends  largely  on  the  plant 
being  placed  under  highly  favourable  conditions.  But 
even  under  such  favourable  conditions,  if  the  dots  which 
mark  the  position  of  the  apex  are  made  at  consider- 
able intervals  of  time,  and  the  dots  are  then  joined, 
the  course  pursued  will  still  appear  comparatively 
simple,  although  the  number  of  the  ellipses  will  be 
increased;  but  if  dots  are  made  every  two  or  three 
minutes  and  these  are  joined,  the  result  often  is  that 
all  the  lines  are  strongly  zigzag,  many  small  loops, 
triangles,  and  other  figures  being  also  formed.  This 
fact  is  shown  in  two  parts  of  the  diagram  (F^g.  150) 
of  the  movements  of  Desmodium  gyrans,  Strephium 
florihundum^    observed    under    a    high    temperature, 
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made  several  little  triangles  at  the  rate  of  43  m. 
for  each.  Mimosa  pudica,  similarly  observed,  de- 
scribed three  little  ellipses  in  67  m. ;  and  the  apex 
of  a  leaflet  crossed  yj^  of  an  inch  in  a  second,  or 
0'12  inch  in  a  minute.  The  leaflets  of  Averrhoa 
made  a  countless  number  of  little  oscillations  when 
the  temperature  was  high  and  the  sun  shining.  The 
zigzag  movement  may  in  all  cases  be  considered  as 
an  attempt  to  form  small  loops,  which  are  drawn  out 
by  a  prevailing  movement  in  some  one  direction.  The 
rapid  gyrations  of  the  little  lateral  leaflets  of  Des- 
modium  belong  to  the  si\me  class  of  movements, 
somewhat  exaggerated  in  rapidity  and  amplitude. 
The  jerking  movements,  with  a  small  advance  and 
still  smaller  retreat,  apparently  not  exactly  in  the 
same  line,  of  the  hypocotyl  of  the  cabbage  and  of 
the  leaves  of  Dionaea,  as  seen  under  the  microscope, 
all  probably  come  under  this  same  head.  We  may 
suspect  that  we  here  see  the  energy  which  is  freed 
during  the  incessant  chemical  changes  in  progress  in 
the  tissues,  converted  into  motion.  Finally,  it  should 
be  noted  that  leaflets  and  probably  some  leaves,  whilst 
describing  their  ellipses,  often  rotate  slightly  on  their 
axes ;  so  that  the  plane  of  the  leaf  is  directed  first  to 
one  and  then  to  another  side.  This  was  plainly  seen 
to  be  the  case  with  the  large  terminal  leaflets  of  Des- 
modium,  Erythrina  and  Amphicarpaea,  and  is  probably 
common  to  all  leaflets  provided  with  a  pulvinus. 

With  "respect  to  the  periodicity  of  the  movements  of 
sleeping  leaves,  Pfeffer*  has  so  clearly  shown  that 
this  depends  on  the  daily  alternations  of  light  and 
darkness,  that  nothing  farther  need  be  said  on  this 


♦  *Dic  Pcrioriiscbcn  Bewcgungon  der  Blattorgnnc,'  1875,  p.  SO,  «< 
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bead.  But  we  may  recall  the  behaviour  of  Mimosa 
in  the  North,  where  the  sun  does  not  set,  and  the 
complete  inversion  of  the  daily  movements  by  artificial 
light  and  darkness.  It  has  also  been  shown  by  us, 
that  although  leaves  subjected  to  darkness  for  a  mode- 
rately long  time  continue  to  circumnutate,  yet  the 
periodicity  of  their  movements  is  soon  greatly  dis- 
turbed, or  quite  annulled.  The  presence  of  light  or 
its  absence  cannot  be  supposed  to  be  the  direct  cause 
of  the  movements,  for  these  are  wonderfully  diversified 
even  with  the  leaflets  of  the  same  leaf,  although  all 
have  of  course  been  similarly  exposed.  The  move- 
ments depend  on  innate  causes,  and  are  of  an  adaptive 
nature.  The  alternations  of  light  and  darkness 
merely  give  notice  to  the  leaves  that  the  period  has 
arrived  for  them  to  move  in  a  certain  manner.  We 
may  infer  from  the  fact  of  several  plants  (Tropajolum, 
Lupinus,  &c.)  not  sleeping  unless  they  have  been  well 
illuminated  during  the  day,  that  it  is  not  the  actual 
decrease  of  light  in  the  evening,  but  the  contrast 
between  the  amount  at  this  hour  and  during  the  early 
part  of  the  day,  which  excites  the  leaves  to  modify 
their  ordinary  mode  of  circumnutation. 

As  the  leaves  of  most  plants  assume  their  proper 
diurnal  position  in  the  morning,  although  light  be 
excluded,  and  as  the  leaves  of  some  plants  continue  to 
move  in  the  normal  manner  in  darkness  during  at 
least  a  whole  day,  we  may  conclude  that  the  periodi- 
city of  their  movements  is  to  a  certain  extent  in- 
herited.*     The   strength  of  such  inheritance  diflfoTs 


•  Pfeffer  denies   such  inherit-  *' Nachwirkunt::/'    or    the    after- 

ance ;  he  attributes  (*  Die  Period.  eflfects    of    light    and   darkness. 

Bewegungen,*    pp.     30-56)     the  But  we  are  unable  to  follow  his 

periodicity    when    prolon*;ed   f<»r  train  of  reasoning.     There  dtiea 

A  day  or    two    in    darkness,   to  not  seem  to  be  anymore  reason foi 
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much  in  diflfcrent  species,  and  seems  never  to  be  rigid ; 
lor  plants  have  been  introduced  from  all  parts  of  the 
world  into  our  gardens  and  greenhouses ;  and  if  their 
movements  had  been  at  all  strictly  fixed  in  relation  to 
the  alternations  of  day  and  night,  they  would  have 
sl'pt  in  this  country  at  very  different  hours,  which 
is  not  the  case.  Moreover,  it  has  been  observed  that 
sleeping  plants  in  their  native  homes  change  their 
times  of  sleep  with  the  changing  seasons.* 


We  may  now  turn  to  the  systematic  list  (p.  320). 
This  contains  the  names  of  all  the  sleeping  plants 
known  to  us,  though  the  list  undoubtedly  is  very 
imperfect.  It  may  be  premised  that,  as  a  general 
rule,  all  the  species  in  the  same  genus  sleep  in 
nearly  the  same  manner.  But  there  are  some  ex- 
ceptions; in  several  large  genera  including  many 
sleeping  species  (for  instance,  Oxalis),  some  do  not 
sleep.  One  species  of  Melilotus  sleeps  like  a  Tri- 
folium,  and  therefore  very  differently  from  its  con- 
geners ;  so  does  one  species  of  Cassia.  In  the  genus 
Sida,  the  leaves  either  rise  or  fall  at  night ;  and  with 
Lupinus  they  sleep  in  three  different  methods.  Re- 
turning to  the  list,  the  first  point  which  strikes  us,  is 
that  there  are  many  more  genera  amongst  the  IiCgu- 
minosa3  (and  in  almost  every  one  of  the  Leguminous 
tribes)  than  in  all  the  other  families  put  together; 
and  we  are  tempted  to  connect  this  fact  with  the  great 


atlributiiighiii  h  niovi  menttii  to  this 
cjtuse  than,  lor  iufttance,  the  in- 
herited habit  of  wiuter  ftiid 
Burumer  wheat  to  grow  best  at 
diflbrent  Bcusong ;  t\>T  this  habit 
is  lost  after  ii  few  years,  like  the 
movements  of  leav«  s  in  darkness 
after  a  few  days.    No  doubt  bome 


eft"  ct  must  be  proiluced  on  the 
seeds  by  the  long-eontiuued  culti- 
vation of  the  parent-planta  under 
dificrent  climates,  but  uo  one  pro* 
bably  would  call  this  the  *'  Nach- 
wirkun":  '*  of  the  cliroates. 
*  Pfefler,  ibid.,  p.  46. 
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mobility  of  the  stems  and  leaves  in  this  family,  as 
shown  by  the  large  number  of  climbing  species  which 
it  contains.  Next  to  the  Leguminosae  come  the  Mal- 
vaceae, together  with  some  closely  allied  families.  But 
by  far  the  most  important  point  in  the  list,  is  that  we 
meet  with  sleeping  plants  in  28  families,  in  all  Ihe 
great  divisions  of  the  Phanerogamic  series,  and  in  one 
Cryptogam.  Now,  although  it  is  probable  that  with 
the  Leguminosae  the  tendency  to  sleep  may  have  been 
inherited  from  one  or  a  few  progenitors,  and  possibly 
so  in  the  cohorts  of  the  Malvales  and  Chenopodiales, 
yet  it  is  manifest  that  the  tendency  must  have  been 
acquired  by  the  several  genera  in  the  other  families, 
quite  independently  of  one  another.  Hence  the  ques- 
tion naturally  arises,  how  has  this  been  possible  ? 
and  the  answer,  we  cannot  doubt,  is  that  leaves  orve 
their  nyctitropic  movements  to  their  habit  of  cir- 
cumnutating,  —  a  habit  common  to  all  plants,  and 
everywhere  ready  for  any  beneficial  development  or, 
modification. 

It  has  been  shown  in  the  previous  chapters  that  the 
leaves  and  cotyledons  of  all  plants  are  continually 
moving  up  and  down,  generally  to  a  slight  but  some- 
times to  a  considerable  extent,  and  that  they  describe 
either  one  or  several  ellipses  in  the  course  of  twenty- 
four  hours ;  they  are  also  so  far  afi'ected  by  the  alter- 
nations of  day  and  night  that  they  generally,  or 
at  least  often,  move  periodically  to  a  small  extent; 
and  here  we  have  a  basis  for  the  development  of  the 
greater  nyctitropic  movements.  That  the  movements 
of  leaves  and  cotyledons  which  do  not  sleep  come 
within  the  class  of  circumnutating  movements  cannot 
be  doubted,  for  they  are  closely  similar  to  those  of 
hypocotyls,  epicotyls,  the  stems  of  mature  plants,  and 
of  yarious  other  organs.     Now,  if  we  take  the  simplest 
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case  of  a  sleeping  leaf,  we  see  that  it  makes  a  single 
ellipse  in  the  twenty-four  hours,  which  resembles  one 
described  by  a  non-sleeping  leaf  in  every  respect,  except 
that  it  is  much  larger.  In  both  cases  the  course  pursued 
is  often  zigzag.  As  all  non-sleeping  leaves  are  inces- 
santly circumnutating,  we  must  conclude  that  a  part 
at  least  of  the  upward  and  downward  movement  of  one 
that  sleeps,  is  due  to  ordinary  circumnutation ;  and  it 
seems  altogether  gratuitous  to  rank  the  remainder  of 
the  movement  under  a  wholly  diflferent  head.  With 
a  multitude  of  climbing  plants  the  ellipses  which  tliey 
describe  have  been  greatly  increased  for  another  pur- 
pose, namely,  catching  hold  of  a  support.  With  these 
climbing  plants,  the  various  circumnutating  organs  have 
been  so  far  modified  in  relation  to  light  that,  differently 
from  all  ordinary  plants,  they  do  not  bend  towards  it. 
With  sleeping  plants  the  rate  and  amplitude  of  the 
movements  of  the  leaves  have  been  so  far  modified  in 
relation  to  light,  that  they  move  in  a  certain  direction 
with  the  waning  light  of  the  evening  and  with  the 
increasing  light  of  the  morning  more  rapidly,  and  to 
a  greater  extent,  than  at  other  hours 

But  the  leaves  and  cotyledons  of  many  non-sleeping 
plants  move  in  a  much  more  complex  manner  than  in 
the  cases  just  alluded  to,  for  they  describe  two,  three, 
or  more  ellipses  in  the  course  of  a  day.  Now,  if  a 
plant  of  this  kind  were  converted  into  one  that  slept, 
one  side  of  one  of  the  several  ellipses  which  each 
leaf  daily  describes,  would  have  to  be  greatly  increased 
in  length  in  the  evening,  until  the  leaf  stood  ver- 
tically, when  it  would  go  on  circumnutating  about  the 
same  spot.  On  the  following  morning,  the  side  oi 
another  ellipse  would  have  to  be  similarly  increased 
in  length,  so  as  to  bring  the  leaf  back  again  into  its 
diurnal  position,  when  it  would  again  circumnutate 
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until  the  evening.  If  the  rea«ler  will  lock,  for  in- 
stance, at  the  diagram  (Fig.  142,  p.  3.>1),  representing 
the  nyctitropic  movements  of  the  terminal  leaflet  of 
Trifolium  subierraneumy  remembering  that  the  eurve*l 
broken  lines  at  the  top  ought  to  be  prolonged  much 
higher  up,  he  wiU  see  that  the  great  rise  in  the  evening 
and  the  great  fall  in  the  morning  together  form  a 
large  ellipse  like  one  of  those  described  during  the 
daytime,  differing  only  in  size.  Or,  he  may  look  at 
the  diagram  (Fig.  103,  p.  236)  of  the  3i  ellipses 
described  in  the  course  of  G  h.  35  m.  bv  a  leaf  of 

m 

Lupinus  speeiosus,  which  is  one  of  the  species  in  this 
genus  that  does  not  sleep ;  and  he  will  see  that  by 
merely  prolonging  upwards  the  line  w  hich  was  already 
rising  late  in  the  evening,  and  bringing  it  down 
again  next  morning,  the  diagram  would  represent  the 
movements  of  a  sleeping  plant. 

With  those  sleeping  plants  which  describe  several 
ellipses  in  the  daytime,  and  w  hich  travel  in  a  strongly 
zigzag  line,  often  making  in  their  course  minute  loops, 
triangles,  &c.,  if  as  soon  as  one  of  the  ellipses  l>egins 
in  the  evening  to  be  greatly  increased  in  size,  dots  are 
made  every  2  or  3  minutes  and  these  are  joined,  the 
line  then  described  is  almost  strictlv  rectilinear,  in 
strong  contrast  with  the  lines  made  during  the  day- 
time. This  was  observed  with  Vesmodium  gyrans  and 
Mimosa  pudica.  With  this  latter  plant,  moreover,  the 
pinnse  converge  in  the  evening  by  a  steady  move- 
ment, whereas  during  the  day  they  are  continually 
converging  and  diverging  to  a  slight  extent.  In  all 
such  cases  it  was  scarcely  possible  to  observe  the 
difference  in  the  movement  durinfi:  the  dav  and  even- 
ing,  without  being  convinced  that  in  the  evening  the 
plant  saves  the  expenditure  of  force  by  not  moving 
laterally,  and  that  its  whole  energy  is  now  expanded 
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in  gaining  quickly  its  proper  nocturnal  jx)sition  by 
a  direct  course.  In  several  other  cases,  for  instance, 
when  a  leaf  after  describing  during  the  day  one  or 
more  fairiy  regular  ellipses,  zigzags  much  in  the 
evening,  it  appears  as  if  energy  was  being  expended, 
so  that  the  great  evening  rise  or  fall  might  coin- 
cide with  the  period  of  the  day  proper  for  this 
movement. 

The  most  complex  of  all  the  movements  perfonned 
by  sleeping  plants,  is  that  when  leaves  or  leaflets, 
after  describing  in  the  daytime  several  vertically 
directed  ellipses,  rotate  greatly  on  their  axes  in  the 
evening,  by  which  twisting  movement  they  occupy 
a  wholly  different  position  at  night  to  what  they  do 
during  the  day.  For  instance,  the  terminal  leaflets 
of  Cassia  not  only  move  vertically  downwards  in  the 
evening,  but  twist  round,  so  that  their  lower  surfaces 
face  outwards.  Such  movements  are  wholly,  or  almost 
wholly,  confined  to  leaflets  provided  with  a  pulvinus. 
But  this  torsion  is  not  a  new  kind  of  movement 
introduced  solely  for  the  purpose  of  sleep;  for  it 
has  been  shown  that  some  leaflets  whilst  describing 
their  ordinary  ellipses  during  the  daytime  rotate 
slightly,  causing  their  blades  to  face  first  to  one  side 
and  then  to  another.  Although  we  can  see  how  the 
slight  periodical  movements  of  leaves  in  a  vertical 
plane  could  be  easily  converted  into  the  greater  yet 
simple  nyctitropic  movements,  we  do  not  at  present 
know  by  what  graduated  steps  the  more  complex 
movements,  efiected  by  the  torsion  of  the  pulvini, 
have  been  acquired.  A  probable  explanation  could 
be  given  in  each  case  only  after  a  close  investigation 
of  the  movements  in  all  the  allied  forms. 

From  the  facts  and  considerations  now  advanced  we 
may  conclude  that  nyctitropism,  or  tlie  sleep  of  leaves 
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and  cotyledons,  is  merely  a  modification  of  their  ordi- 
nary circumnutating  movement,  regulated  in  its  period 
and  amplitude  by  the  alternations  of  light  and  dark- 
ness. The  object  gained  is  the  protection  of  the  upper 
surfaces  of  the  leaves  from  radiation  at  night,  often 
combined  with  the  mutual  protection  of  the  several 
parts  by  their  close  approximation.  In  such  cases  as 
those  of  the  leaflets  of  Cassia — of  the  terminal  leaflets 
of  Melilotus — of  all  the  leaflets  of  Arachis,  Marsilea, 
&c. — we  have  ordinary  circumnutation  modified  to  the 
extreme  extent  known  to  us  in  any  of  the  several  great 
classes  of  modified  circumnutution.  On  this  view  of 
the  origin  of  nyctitropism  we  can  understand  how  it 
is  that  a  few  plants,  widely  distributed  throughout  the 
Vascular  series,  have  been  able  to  acquire  the  habit  of 
placing  the  blades  of  their  leaves  vertically  at  night, 
that  is,  of  sleeping, — a  fact  otherwise  inexplicable. 

The  leaves  of  some  plants  move  during  the  day  in 
a  manner,  which  has  improperly  been  called  diurnal 
sleep ;  for  when  the  sun  shines  brightly  on  them,  they 
direct  their  edges  towards  it.  To  such  cases  we  shall 
recur  in  the  following  chapter  on  Heliotropism.  It 
has  been  shown  that  the  leaflets  of  one  form  of 
Porlieria  hygrometrica  keep  closed  during  the  day,  as 
long  as  the  phint  is  scantily  supplied  with  water,  in 
the  same  manner  as  when  asleep ;  and  this  apparently 
serves  to  check  evaporation.  There  is  only  one  other 
analogous  case  kno\ATi  to  us,  namely,  that  of  certain 
Graminese,  which  fold  inwards  the  sides  of  their  narrow 
leaves,  when  these  are  exposed  to  the  sun  and  to  a 
dry  atmosphere,  as  described  by  Duval-Jouve.*  We 
have  also  observed  the  same  phenomenon  in  Elt/mus 
arenareus, 

•  •  Annul.  dc8  So.  Nat  (Dot.)/  1875,  torn.  i.  pp.  321  -829. 
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There  is  another  movement,  which  since  the  time 
of  Linnaius  has  generally  been  called  sleep,  namely^ 
that  of  the  petals  of  the  many  flowers  which  close  at 
night.  These  movements  have  been  ably  investigated 
by  PfefTer,  who  has  shown  (as  was  first  observed  by 
Hofmeister)  that  they  are  caused  or  regulated  more 
by  temperature  than  by  the  alternations  of  light  and 
darkness.  Although  they  cannot  fail  to  protect  the 
organs  of  reproduction  froqi  radiation  at  night,  this 
does  not  seem  to  be  their  chief  function,  but  rather 
the  protection  of  the  organs  from  cold  winds,  and 
especially  from  rain,  during  the  day.  The  latter 
seems  probable,  as  Kerner  *  has  shown  that  a  widely 
different  kind  of  movement,  namely,  the  bending  down 
of  the  upper  part  of  the  peduncle,  serves  in  many 
cases  the  same  end.  The  closure  of  the  flowers  will 
also  exclude  nocturnal  insects  which  may  be  ill-adapted 
for  their  fertilisation,  and  the  well-adapted  kinds  at 
periods  when  the  temperature  is  not  favourable  for 
fertilisation.  Whether  these  movements  of  the  petals 
consist,  as  is  probable,  of  modified  circumnutation  we 
do  not  know. 

Emhryohgif  of  Leaves. — A  few  facts  have  been  in- 
cidentally given  in  this  chapter  on  what  may  be  called 
the  embryology  of  leaves.  With  most  planta  the 
first  leaf  which  is  developed  after  the  cotyledons, 
resembles  closely  the  leaves  produced  by  the  mature 
plant,  but  this  is  not  always  the  case.  The  first 
leaves  produced  by  some  species  of  Drosera,  for  instance 
by  D,  Capensis,  differ  widely  in  shape  from  those 
borne  by  the  mature  plant,  and  resemble  closely  the 
leaves  of  D,  rottmdifoUa,  as  was  shown  to  us  by  Prof. 
Williamson  of  Manchester.      The   first  true  leaf  of 


Dio  Schutzmittel  des  Pullcns/  1873,  pp.  30-89. 
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the  gorse,  or  Ulex,  is  not  narrow  and  spinose  like  the 
older  leaves.  On  the  other  hand,  with  many  Legumi- 
nous plants,  for  instance,  Cassia,  Accuda  lophantha,  &e., 
the  first  leaf  has  essentially  the  same  character  as  the 
older  leaves,  excepting  that  it  bears  fewer  leaflets.  In 
Trifolium  the  first  leaf  generally  bears  only  a  single 
leaflet  instead  of  three,  and  this  differs  somewhat  in 
shape  from  the  corresponding  leaflet  on  the  older  leaves. 
Now,  with  Trifolium  Pannonicum  the  first  true  leaf  on 
some  seedlings  was  unifoliate,  and  on  others  completely 
trifoliate ;  and  between  these  two  extreme  states  there 
were  all  sorts  of  gradations,  some  seedlings  bearing 
a  single  leaflet  more  or  less  deeply  notched  on  one 
or  both  sides,  and  some  bearing  a  single  additional 
and  perfect  lateral  leaflet.  Here,  then,  we  have  the 
rare  opportunity  of  seeing  a  structure  proper  to  a  more 
advanced  age,  in  the  act  of  gradually  encroaching  on 
and  replacing  an  earlier  or  embryological  condition. 

The  genus  Melilotus  is  closely  allied  to  Trifolium,  and 
the  first  leaf  bears  only  a  single  leaflet,  which  at  night 
rotates  on  its  axis  so  as  to  present  one  lateral  edge  to 
the  zenith.  Hence  it  sleeps  like  the  terminal  leaflet 
of  a  mature  plant,  as  was  observed  in  15  species,  and 
wholly  unlike  the  corresponding  leaflet  of  Trifolium, 
which  simply  bends  upwards.  It  is  therefore  a  curious 
fact  that  in  one  of  these  15  species,  viz.,  M,  Taurica  (and 
in  a  lesser  degree  in  two  others),  leaves  arising  from 
young  shoots,  produced  on  plants  which  had  been  cut 
down  and  kept  in  pots  during  the  winter  in  the  green- 
house, slept  like  the  leaves  of  a  Trifolium,  whilst  the 
leaves  on  the  fully-grown  branches  on  these  same 
plants  afterwards  slept  normally  like  tl  ose  of  a  Meli- 
lotus. If  young  shoots  rising  from  the  ground  may 
be  considered  as  new  individuals,  partaking  to  a  certain 
extent  of  the  nature  of  seedlings,  then  the  peculiar 
manner  in  which  their  leaves  slept  may  be  considered 
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as  an  embryological  habit,  probably  the  result  of  Meli- 
lotus  being  descended  from  some  form  which  slept  like 
a  Trifolium.  This  view  is  partially  supported  by  the 
leaves  on  old  and  young  branches  of  another  species, 
M.  Messanensis  (not  included  in  the  above  15  specice), 
always  sleeping  like  those  of  a  Trifolium. 

The  first  true  leaf  of  Mimosa  albida  consists  of  a 
simple  petiole,  often  bearing  three  pairs  of  leaflets,  all 
of  which  are  of  nearly  equal  size  and  of  the  same 
shape :  the  second  leaf  differs  widely  from  the  first, 
and  resembles  that  on  a  mature  plant  (see  Fig.  159, 
p.  379),  for  it  consists  of  two  pinna),  each  of  which 
bears  two  pairs  of  leaflets,  of  which  the  inner  basal 
one  is  very  small.  But  at  the  base  of  each  pinna 
there  is  a  pair  of  minute  points,  evidently  rudiments 
of  leaflets,  for  they  are  of  unequal  sizes,  like  the  two 
succeeding  leaflets.  These  rudiments  are  in  one  sense 
embryological,  for  they  exist  only  during  the  youth  of 
the  leaf,  falling  off  and  disappearing  as  soon  as  it  is 
fully  grown. 

With  Desmodium  gijrana  the  two  lateral  leaflets  are 
very  much  smaller  than  the  corresponding  leaflets  in 
most  of  the  species  in  this  large  genus;  they  vary 
also  in  position  and  size ;  one  or  both  are  sometimes 
absent ;  and  they  do  not  sleep  like  the  fully-developed 
leaflets.  They  may  therefore  be  considered  as  almost 
rudimentary ;  and  in  accordance  with  the  general  prin- 
ciples of  embryology,  they  ought  to  be  more  constantly 
and  fully  developed  on  very  young  than  on  old  plants. 
l>ut  this  is  not  the  case,  for  they  were  quite  absent 
on  some  young  seedlings,  and  did  not  appear  until 
from  10  to  20  leaves  had  been  formed.  This  fact 
leads  to  the  suspicion  that  I>.  gyrans  is  descended 
through  a  unifoliate  form  (of  which  some  exist)  from 
a  trifoliate  species ;  and  that  the  little  lateral  leaflets 
reappear  through  reversion.      However  this  may  be^ 
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the  interesting  fact  of  the  pulvini  or  orjrans  of  move- 
ment of  these  little  leaflets,  not  having  been  reduced 
nearly  so  much  as  their  blades — taking  the  large 
terminal  leaflet  as  the  standard  of  comparison — givee 
Ds  probably  the  proximate  cause  of  their  extrao:dinary 
power  of  gyration. 
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CHAPTER  VIII. 

Modified  Circumnutation  :  Moyemsnts  excited  bt  Liobt. 

Disti notion  l)etween  hcliotropism  and  the  effects  of  light  on  the  pcrio> 
dioity  of  the  raovemvntH  of  kavcs — Ueliotropic  movements  of  Beta, 
Solanum,  Zta,  and  Avena — Heliotropio  movements  towards  an 
obacuro  li<r)it  in  Api^s,  Braj;8ica,  Phalaris,  Tropieolum,  and  Cassia 
— Apheliotropic  movements  of  tendrils  of  Bignonia — Of  flowe^ 
IKjiluncles  of  Cyclamen — Burying  of  the  pods — Heliotropism 
and  apheliotropism  modified  forms  of  circamnutation — Stcpe  by 
which  one  movement  is  converted  into  the  other — ^Transversal- 
heliotropismus  or  diaheliotropism,  influenced  by  epinasty,  the 
weight  of  tlio  part  and  apogeotropism  — Apogeotropism  overcome 
during  the  middle  of  the  duy  by  diaheliotropism — Effects  of  the 
weight  of  the  blades  of  cotyledons — So-called  diurnal  sleep — Chloro- 
phyll injured  by  intense  light — Movements  to  avoid  iuteube  light 

Sachs  first  clearly  pointed  out  the  important  dif- 
ference between  the  action  of  light  in  modifying  the 
periodic  movements  of  leaves,  and  in  causing  them  to 
bend  towards  its  source.*  The  latter,  or  heliotropic 
movements  are  determined  by  the  direction  of  the  light, 
whilst  periodic  movements  are  affected  by  changes  in 
its  intensity  and  not  by  its  direction.  The  periodicity 
of  the  circumnutating  movement  often  continues  for 
some  time  in  darkness,  as  we  have  seen  in  the  last 
chapter ;  w  hilst  heliotropic  bending  ceases  very  quickly 
when  the  light  fails.  Nevertheless,  plants  which  have 
ceased  through  long-continued  darkness  to  move  pe- 
riodiciiUy,  if  re-exposed  to  the  light  are  still,  according 
to  Sachs,  heliotropic. 

Apheliotropism,  or,  as  usually  designated,  negative 

•  » Physiologic  Veg.'  (French  Translation),  1868,  pp.  42,  517,  to 
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heliotropisni,  implies  that  a  plant,  when  unequally 
illuminated  on  the  two  sides,  bends  from  the  light, 
instead  of,  as  in  the  last  sub-class  of  eases,  towards  it ; 
but  apheliotropism  is  comparativ<,*ly  rare,  at  least  in  a 
well-marked  degree.  There  is  a  third  and  large  sub- 
class of  cases,  namely,  those  of  "  Transversal- Ilelio- 
tropismus  *'  of  Frank,  w  hich  we  will  here  call  diahelio- 
tropism.  Parts  of  plants,  under  this  influence,  place 
themselves  more  or  less  transverselv  to  the  direction 
whence  the  light  proceeds,  and  are  thus  fidly  illumi- 
nated. There  is  a  fourth  sub-class,  as  far  as  the  final 
cause  of  the  movement  is  concerned ;  fur  the  leaves  of 
some  plants  when  exposed  to  an  intense  and  injurious 
amount  of  light  direct  themselves,  by  rising  or  sinking 
or  twisting,  so  as  to  be  less  intensely  illuminated. 
Such  movements  have  sometimes  been  called  diurnal 
sleep.  If  thought  advisable,  they  might  be  called 
paraheliotropic,  and  this  term  would  correspond  with 
our  other  terms. 

It  will  be  shown  in  the  present  chapter  that  all  the 
movements  included  in  these  four  sub-classes,  con- 
sist of  modified  circumnutation.  We  do  not  pretend  to 
say  that  if  a  part  of  a  plant,  whilst  still  growing,  did  not 
circumnutate — though  such  a  supposition  is  most  im- 
probable— it  could  not  bend  towards  the  light ;  but,  as 
a  matter  of  fact,  heliotropism  seems  always  to  consist 
of  modified  circumnutation.  Any  kind  of  movement 
in  relation  to  light  will  obviously  be  much  facilitated 
by  each  part  circumnutating  or  bending  successively 
in  all  directions,  so  that  an  already  existing  movement 
has  only  to  be  increased  in  some  one  direction,  and  to 
be  lessened  or  stopped  in  the  other  directions,  in  order 
that  it  should  become  heliotropic,  apheliotropic,  &c., 
as  the  case  may  be.  In  the  next  chapter  some  obser- 
vations on  the  sensitiveness  of  plants  to  light,  their 
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rate  of  bending  towards  it,  and  the  accuracy  with 
which  they  point  towards  its  source,  &c.,  will  be 
given.  Afterwards  it  will  be  shown — and  this  seems 
to  us  a  point  of  much  interest — that  sensitiveness  to 
light  is  sometimes  confined  to  a  small  part  of  the 
plant;  and  that  this  part  when  stimulated  by  light, 
transmits  an  influence  to  distant  parts,  exciting  them 
to  bend. 

lleliotrojpism.  —  When  a  plant  which  is  strongly 
heliotropic  (and  species  diflfer  much  in  this  respect) 
is  exposed  to  a  bright  lateral  light,  it  bends  quickly 
towards  it,  and  the  course  pursued  by  the  st^m  is 
quite  or  nearly  straight.  But  if  the  light  is  much 
dimmed,  or  occasionally  interrupted,  or  admitted  in 

only  a  slightly  oblique  direction, 
the  course  pursued  is  more  or  less 
zigzag ;  and  as  we  have  seen  and 
shall  again  see,  such  zigzag  move- 
ment results  from  the  elongation  or 
drawing  out  of  the  ellipses,  loops, 
&c.,  which  the  plant  would  have  de- 
scribed, if  it  had  been  illuminated 
from  above.     On  several  occasions 

Beta  vnhjaSs :    circumnu-    ^C  WCTC  mUch  StrUck  with  this  fact, 

tHtion  of  hypocotyi,  de-  whilst  observiniiT  the  circumnuta- 

flected     by    the    light    ^.  /.  i  •    i  i  .^.  n- 

being   slightly    lateral.    tlOU  of  highly  SCUSltlVC  SecdlingS, 

traced  on  a  horizontal   ^viji(.i^  y^Qj,^   Unintentionally  illu- 

glass  from  H.30  a.m.  to         .  "^ 

5.30  p.m.  iHrection  of  the  miuatcd  rather  obliqucly,  or  only 
!t'' "'.""Tr.u'n'liS  "^t  successive  intervals  of  time. 

tZ^Z^JZ::^    ,  For  instance,  two  young  seedlings  of 

dots.  Figure  reduced  to    -"^^«  vulgaris  were  placed  in  the  middle 

one-third  of  the  original   of  a  rooiu  with  north-cast  windows,  and 

^^^^^'  were   kept  covered  up,  except  during 

each  ob.scrvation  which  lasted  for  only  a  minute  or  two ;  but  the 

result  was  that  their  hyxxx^tyls  bowed  themselves  to  the  side, 

whence  some  light  occasionally  entered,  in  lines  which  were 
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Fig.  169. 


only  slightly  zigzag.  Although  not  a  single  ellipse  was  cyen 
approximately  formed,  we  inferred  from  the  zigzag  lines — and, 
as  it  proved,  correctly — that  their  hyixxjotyls  were  circumnuta- 
ting,  for  on  the  following  day  these  same  seedlings  were  placed 
in  a  completely  darkened  room,  and  were  observed  each  time  by 
the  aid  of  a  small  wax  taper  held  almost 
directly  above  them,  and  their  movements 
were  traced  on  a  horizontal  glass  alx}ve ; 
and  now  their  hypocotyls  clearly  circum- 
nutated  (Fig.  168,  and  Fig.  39,  formerly 
given,  p.  6'2);  yet  they  moved  a  short 
distance  towards  the  side  where  the  taper 
was  held  np.  If  we  look  at  these  d  iagrams, 
and  suppose  that  the  taper  had  been  held 
more  on  one  side,  and  that  the  hypocotyls, 
still  circnmnutating,  had  bent  themselves 
within  the  same  time  much  more  towards 
the  light,  long  zigzag  lines  would  ob- 
viously have  been  the  result. 

Again,  two  seedlings  of  i^olanum  lyco- 
p'Tsicum  were  illuminated  from  above, 
but  accidentally  a  little  more  light  entered 
on  one  than  on  any  other  side,  and  their 
hypocotyls  became  slightly  bowed  towards 
the  brighter  side ;  they  moved  in  a  zigzag 
line  and  described  in  their  course  two  little 
triangles,  as  seen  in  Fig.  37  (p.  50),  and 
in  another  tracing  not  given.  The  sheath- 
like cotyledons  of  Zea  mays  behaved,  under 
nearly  similar  circumstances,  in  a  nearly 
similar  manner,  as  described  in  our  first  ^t>ena  sativa:  he\iotroipi<i 

'  movement  and  circum- 

chapter  (p.  64),  for  they  bowed  themselves      nutation  of  sheath-like 

during  the  whole  day  towards  one  side, 

making,  however,  in  their  course  some 

conspicuous  flexures.     Before  we  knew 

how  greatly  ordinary  circnmnutation  was 

modified  by  a  lateral  light,  some  seedling  oats,  with  rather  old 

and  therefore  not  highly  Fcnsitive  cotyledons,  were  placed  in 

front  of  a  north-east  window,  towards  which  they  bent  all  day  in 

a  strongly  zigzag  course.    On  the  following  day  they  continued 

io  bend  in  the  same  direction  (Fig.  169),  but  zigzagged  much 

less.    The  sky,  however,  became  l)etween  12.40  and  2.35  p.k. 


StiLtni 


cotyledon  (1^  inch  in 
height)  traced  on  hori- 
zontal glass  from  8  A.M. 
to  10.25  P.M.  Oct.  16th. 
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overcast  with  extraordinarily  dark  thunder-clouds,  and  it  was 
interesting  to  note  how  plainly  the  cotyledons  circuninutated 
during  tliis  interval. 

The  foregoing  observations  are  of  some 

Fig.  170.  value,  from  having  bien  made  when  wo  were 

^-2  not  attending  to  heliotropism ;  and  they  led 

[C  '^  us  to  experiment  on  several  kinds  of  seed- 

_►..§  lings,  by  exposing  them  to  a  dim  lateral  light, 

•§  2i  so   as   to  observe  the   gradations  between 

^  2  ordinary  circumnutation  and  heliotropism. 

1;^  Seedlings  in  pots  were  placed  in  front  of, 

•8  and  about  a  yard  from,  a  north-east  window; 

'2:2  on  each  side  and  over  the  ]x>ts  black  boards 

t  '1  were  placed ;  in  the  rear  the  pots  were  open 

^"a  to  the  diffused  light  of  the   room,  which 

^'^  had  a  second  north-east  and  a  north-west 

s  q  window.    By  hanging  up  one  or  more  blinds 

'Z  o  before  the  window  where  the  seedlings  stood, 

Z  -  it  was  easy  to  dim  the  light,  so  that  very 

.i  o  little  more  entered  on  this  side  than  on  the 

"o  5}  opposite  one,  which  received  the  diflused 

5  <  light  of  the  room.    Late  in  the  evening  the 

^S  blinds  were  successively  removed,  and  as  the 

t  g  plants  had  been  subjected  during  the  day  to 

g.  £  a  very  obscure  light,  they  continued  to  bend 

.c' «  towards  the  window  later  in  the  evening  than 

*S  -r  would  otherwise  have  occurred.    Most  of  the 

"S-^  seedlings  were  selected  because  they  were 

i  I  known  to  l)e  highly  sensitive  to  light,  and 

^  c  some  because  they  were  but  little  sensitive, 

^-c   .  or  had  become  so  from  having  grown  old. 

S.fl'g  The  movements  were  traced  in   the  usual 

ii^ja,  manner  on  a  horizontal  glass  cover ;  a  fine 


^  1 .9  glass  filament  with  little  triangles  of  paper 

"^  -^^ 'g  having  been  cemented  in  an  upright  position 

J"  5'^  to  the  hypocotyls.    Whenever  the  stem  or 

o  ^  "H  h^-pocotyl  became  much  bowed  towards  the 

I'g^  light,  the  latter  part  of  its  course  had  to 

^■?  S  bo  traced  on  a  vertical  glass,  parallel  to  the 

•s  '^  window,  and  at  right  angles  to  the  horizontal 

"^  glass  cover. 
Apios  gravcolen8.—Tho  hypocotyl  Unds  in  a  few  hours  rectan- 
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gnlarly  towards  a  bright  lateral  light.  In  order  to  ascertain 
how  straight  a  course  it  would  pursue  when  fairly  well  illumi- 
nated on  one  side,  seedlings  were  first  placed  before  a  south-west 
window  on  a  cloudy  and  i-ainy  morning ;  and  the  movement  of 
two  hypocotyls  were  traced  for  3  h.,  during  which  time  they 
became  greatly  bowed  towards  the  light.  One  of  these  tracings 
is  given  on  p.  422  (Fig.  170),  and  the  course  may  be  seen  to  be 
almost  straight.  But  the  amount  of  light  on  this  occasion  was 
sujKjrfluous,  for  two  seedlings  were  placed  before  a  north-east 
window,  protected  by  an  ordinary  linen  and  two  muslin  blinds, 
yet  their  hypocotyls  moved  towards  this  rather  dim  light  in 
only  slightly  zigzag  lines ;  but  after  4  p.m.,  as  the  light  waned, 
the  lines  became  distinctly  zigzag.  One  of  these  seedlings, 
moreover,  described  in  the  afternoon  an  ellipse  of  consideiable 
size,  with  its  longer  axis  directed  towards  the  window. 

,We  now  determined  that  the  light  should  be  made  dim 
enough,  so  we  began  by  exposing  several  seedlings  before  a 
lorth-east  window,  protected  by  one  bnen  blind,  three  muslin 
blinds,  and  a  towel.  But  so  little  light  entered  that  a  pencil 
cast  no  perceptible  shadow  on  a  white  card,  and  the  hypocotyls 
did  not  bend  at  all  towards  the  window.  During  this  time, 
from  8.15  to  10.50  a.m.,  the  hypocotyls  zigzagged  or  circum- 
nutated  near  the  same  spot,  as  may  be  seen  at  A,  in  Fig.  171. 
The  towel,  therefore,  was  removed  at  10.50  a.m.,  and  replaced 
by  two  muslin  blinds,  and  now  the  light  passed  through 
one  ordinary  linen  and  four  muslin  blinds.  When  a  pencil 
was  held  upright  on  a  card  close  to  the  seedlings,  it  cast  a 
shadow  (pointing  from  the  window)  which  could  only  just 
be  distinguished.  Yet  this  very  slight  excess  of  light  on 
one  side  sufficed  to  cause  the  hypocotyls  of  all  the  seedlings 
immediately  to  begin  bending  in  zigzag  lines  towards  the 
window.  The  course  of  one  is  shown  at  A  (Fig.  171):  after 
moving  towards  the  window  from  10.50  aji.  to  12.48  p.m.  it 
bent  from  the  window,  and  then  returned  in  a  nearly  parallel 
line;  that  is,  it  almost  completed  between  12.48  and  2  p.m. 
a  narrow  ellipse.  Late  in  the  evening,  as  the  light  waned, 
the  hypocotyl  ceased  to  bend  towards  the  window,  and  circmn- 
nntated  on  a  small  scale  round  the  same  spot ;  during  the  night 
it  moved  considerably  backwards,  that  is,  became  more  upright, 
through  the  action  of  apogeotropism.  At  B,  we  have  a  tracing 
of  the  movements  of  another  seedling  from  the  hour  (10.50  a.m.) 
when  the  towel  was  removed ;  and  it  is  in  all  essential  respects 
19 
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similar  to  tlio  prcvlons  ono.  In  these  two  cases  there  could  be 
no  doubt  that  the  ordinary  circumnutating  moyement  of  the 
hyjDOcotyl  was  modified  and  rendered  heliotropia 

Fig.  171. 
5^63'  V 


f?.M5 


forjo'oji 


8:/l5'aj/ki 


lO'-M'a.m. 


Ap'08  fjrareolens  :  hcliotropic  movpnent  and  circtimnutation  of  the  hypo- 
cotyls  of  two  seed linsfs  towards  a  dim  lateral  light,  traced  on  a  hoiizoutal 
f^lass  durinfi^  the  day.  The  broken  lines  show  their  return  nocturnal 
courses.  Hcii^ht  of  hypocotyl  of  A  -5,  and  of  B  "55  inch.  Figure  reduced 
to  one-half  of  original  scale. 

Braanra  olerarea. — The  hypocotyl  of  the  cabbage,  when  not 
llsturbed  by  a  lateral  light,  circumnutatcs  in  a  complicated 
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manner  oyer  nearly  the  same  space,  and  a  figure  formerly  giTen 
is  here  reproduced  (Fig.  172).  If  the  hypocotyl  is  exposed  to 
a  moderately  strong  lateral  light  it  moves  quickly  towards  this 
side,  travelling  in  a  straight,  or  nearly  straight,  line.  But  when 
the  lateral  light  is  very  dim  its  coarse  is  extremely  tortuous,  and 
evidently  consists  of  modified  circumnntation.  Seedlings  were 
placed  before  a  north-east  window,  protected  by  a  linen  and 
muslin  blind  and  by  a  towel.  The  sky  was  cloudy,  and  when- 
ever the  clouds  grew  a  little  lighter  an  additional  muslin  blind 
was  temporarily  susj>ende<l.    The  light  from  the  window  was 

Fig.  172. 


Brassioa  oleracea     onlinary  circninnntntine  mcrement  of  the  hypocotyl  of 

a  Mcdliiig  plant. 


thus  SO  much  obscured  that,  judging  by  the  unassisted  eye,  tlie 
seedlings  appeared  to  receive  more  light  from  the  interior 
of  the  room  than  from  the  window;  but  this  was  not  really 
the  case,  as  was  shown  by  a  very  faint  shadow  cast  by  a  pencil 
on  a  card.  Nevertheless,  this  extremely  small  excess  of  light 
on  one  side  caused  the  hypocotyls,  whicli  in  the  morning  had 
stood  upright,  to  bend  at  right  angles  towards  the  window, 
80  that  in  the  evening  (after  4.23  p.m.)  their  course  had  to  bo 
traced  on  a  vertical  glass  parallel  to  the  window.  It  should  be 
stated  that  at  3.30  p.m.,  by  which  time  the  sky  had  become 
darker,  the  towel  was  removed  and  replaced  by  an  additional 
muslin  blind,  which  itself  was  removed  at  4  p.m.,  the  other  two 
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blinds  being  left  suspended.    In  Fig.  173  the  course  pursued, 
between  8.9  a.m.  and  7.10  P.M.,  by  one  cf  the  hypoco^ls  thus 

Fig.  173. 


Brassioa  oUracea :  heliotropic  morement  and  circumnutation  of  m  faypocotjl 
towards  a  very  dim  lateral  light^  traced  during  11  hours,  on  a  horizontal 
glnss  in  the  morning,  an<l  on  a  yertical  glass  in  the  erening.  Fignre 
reduced  to  ono-third  of  the  original  scale. 

exposed  is  shown.    It  may  be  observed  that  during  the  first 
16  m.  the  hyi)ocotyl  moved  obliquely  from  the  light,  and  this, 
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no  doubt,  was  due  to  its  then  ciicnmnntating  in  this  direction 
Similar  cases  were  repeatedly  observed,  and  a  dim  light  rarely 
or  never  produced  any  effect  until  from  a  quarter  to  three- 
quarters  of  an  hour  had  elapsed.  After  5.15  p.m.,  by  which 
time  the  light  had  become 


obscure,  the  hypocotyl 
began  to  circunmutate 
about  the  same  spot.  The 
contrast  between  the  two 
figures  (172  and  173) 
would  have  been  more 
striking,  if  they  had  been 
originally  drawn  on  the 
same  scale,  and  had  been 
equally  reduced.  But  the 
movements  shown  in  Fig. 
172  were  at  first  more  mag- 
nified, and  have  been  re- 
duced to  only  one-half  of 
the  original  scale;  whereas 
those  in  Fig.  173  were  at 
first  less  magnified,  and 
have  been  reduced  to  a 
one-third  scala  A  tracing 
made  at  the  same  time 
with  the  last  of  the 
movements  of  a  second 
hypocotyl,  presented  a 
closely  analogous  appear- 
ance ;  but  it  did  not  bend 
quite  so  much  towards  the 
light,  and  it    circumnu- 


Fig.  174. 


eT90' 


S^pM 


eClS^am.Septt.'^ 


tated  rather  more  plainly.   P^''^  CanaHensis :  heliotropic  morement 
t,i   7     •    ry  .       .  and  circumnutation  of  a  rather  old  Cotv- 

/  halana  tananensis.—       ^^^^^^  towards  a  dull  lateral  light,  trac^ 

The  sheath-like  cotyledons       on  a  horizontal  glass  from  8.15  A.M.  Sept. 

of  this  monocotyledonons       16th  to  7.45  a.m.  17th.     Figure  reduced 

plant  were  selected  for  *^  ^""■**^*'^^  "^  "''^inal  scale, 
trial,  because  they  are  very  srnsitive  to  light  and  circunmutate 
well,  as  formerly  shown  (see  Fig.  49,  p.  G3).  Although  we  felt 
no  doubt  about  the  result,  some  seedlings  were  first  placed 
before  a  south-west  window  on  a  moderately  bright  morning,  and 
the  movements  of  one  were  traced.    As  is  so  common,  it  moved 
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for  tJie  first  45  m.  in  a  zigzag  line;  it  then  felt  the  full  influence 
of  the  light,  and  travelled  towards  it  for  the  next  2  h.  30  m.  in  an 
almost  straight  line.  The  tracing  has  not  lx;en  given,  as  it  was 
almost  identical  with  that  of  Apios  under  similar  circum- 
stances  (Fig.  170).  By  noon  it  had  bowed  itself  to  its  full 
extent ;  it  then  circumnutated  about  the  same  spot  and  described 
two  ellipses ;  by  5  p.m.  it  had  retreated  considerably  from  the 
light,  through  the  action  of  apogeotropism.  After  some  pre- 
liminary trials  for  ascertaining  the  right  degreo  of  obscurity, 
some  seedlings  were  placed  (Sept.  IGth)  before  a  north-east 
window,  and  light  was  admitted  through  an  ordinary  linen 
and  three  muslin  blinds.  A  pencil  held  close  by  the  pot  now 
cast  a  very  faint  shadow  on  a  white  card,  pointing  from  the 
window.  In  the  evening,  at  4.30,  and  again  at  6  p.m.,  some  of 
the  blinds  were  removed.  In  Fig.  174  we  see  the  course  pursued 
under  these  circumstances  by  a  rathsr  old  and  not  very  sensitive 
cotyledon,  19  inch  in  height,  which  became  much  bowed, 
hut  was  never  rectangularly  bent  towards  the  light.  From 
11  A.M.,  when  the  sky  became  rather  duller,  until  6.30  p.m.,  the 
zigzagging  was  conspicuous,  and  evidently  consisted  of  drawn- 
out  ellipses.  After  6.30  p.m.  and  during  the  night,  it  retreated 
in  a  crooked  line  from  the  window.  Another  and  younger  seed- 
ling moved  during  the  same  time  much  more  quickly  and  to  a 
much  greater  distance,  in  an  only  slightly  zigzag  Line  towards 
the  light ;  by  11  a.m.  it  was  bent  almost  rectangularly  in  this 
direction,  and  now  circumnutated  about  the  same  place. 

TropcBolum  maju^. — Some  very  young  feed  lings,  bearing  only 
two  leaves,  and  therefore  not  as  yet  arrived  at  the  climbing 
stage  of  growth,  were  first  tried  l)eforo  a  north-east  window 
without  any  blind.  The  epicotyls  l>owed  themselves  towards 
the  light  so  rapidly  that  in  little  more  than  3  h.  their  ti]« 
pointed  rectangularly  towards  it.  The  lines  traced  were  either 
nearly  straight  or  slightly  zigzag ;  and  in  this  latter  case  wo 
see  that  a  trac«  of  circumnutation  was  retained  even  under  tlio 
influence  of  a  moderately  bright  light.  Twice  whilst  these 
epicotyls  were  bending  towards  the  window,  dots  were  made 
every  5  or  6  minutes,  in  order  to  detect  any  trace  of  lateral 
movement,  but  there  was  hardly  any ;  and  the  lines  formed  by 
their  junction  were  nearly  straight,  or  only  very  slightly  zigzag, 
as  in  the  other  parts  of  the  figures.  After  the  epicotyls  had 
bowed  themselves  to  the  full  extent  towards  the  light,  ellipses 
of  considerable  size  were  descril>ed  in  the  usual  manner. 
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After  haying  seen  how  the  epicotyls  mo^ed  towards  a  mode 
lately  bright  light,  seedliDgs  were  placed  at  7.48  ajl  (Sept  7th} 
before  a  north-east  window,  covered  by  a  towel,  and  shortly 
afterwards  by  an  ordinary  linen  blind,  but  the  epicotyls  still 
moved  towards  the  window.  At  9.13  a  Ji.  two  additional  muslin 
blinds  were  suspended,  so  that  the  seedlings  received  very  little 
more  light  from  the  window  than  from  the  interior  of  the  room 
The  sky  varied  in  brightness,  and  the  seedlings  occasionally 


Fig.  175. 
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TnpaKivm  majfis :  hcliotropic  raorenK  nt  and  cin  iimniitation  of  theepicotyl 
of  »  ynnng  deedlinc  towiirds  a  dull  lateral  licht,  traced  on  a  horizontal 
frla**  from  7.48  a.m.  to  !<'.40  P.M.  Figure  reduced  to  one-half  of  the 
original  icale. 

received  for  a  short  time  less  lijiht  from  the  window  than  from 
the  opposite  side  (as  ascertained  by  the  shadow  cast),  and  then 
one  of  the  blinds  was  temporarily  removetl.  In  the  evening 
the  blinds  were  taken  away,  one  by  one.  The  course  pursued 
by  an  epicotyl  under  these  circumstances  is  shown  in  Fig.  175. 
During  the  whole  day,  until  6.45  p  m.,  it  plainly  bowed  itself 
towards  the  light;  and  the  tip  moved  over  a  considerable  spaca 
After  6.45  p.m.  it  moved  backwards,  or  from  the  window^  till 
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10.40  P.M.,  when  the  last  dot  \ras  made.  Here,  then,  we  have 
a  distinct  heliotropio  movement,  effected  by  means  of  six 
elongated  figures  (which  if  dots  had  been  made  every  few 
minutes  would  have  been  more  or  less  elliptic)  directed  towards 

the  bght,  withthe  apex  of  each  suc- 
cessive ellipse  nearer  to  the  window 
than  the  previous  one.  Now,  if  the 
light  had  been  only  a  little  brighter, 
tbe  epicotyl  would  have  bowed  itself 
more  to  the  light,  as  we  may  safely 
conclude  from  the  previous  trials; 
there  would  also  have  been  less 
lateral  movement,  and  the  ellipses  or 
other  figures  would  have  been  drawn 
out  into  a  strongly  marked  zigzag 
line,  with  probably  one  or  two  small 
loops  still  formed.  If  the  light  had 
been  much  brighter,  we  should  have 
had  a  slightly  zigzag  line,  or  one 
quite  straight,  for  there  woidd  have 
been  more  movement  in  the  direc- 
tion of  the  light,  and  much  less  from 
side  to  side. 

Sachs  states  that  the  older  inter- 
nodcs  of  this  Tropteolum  are  aphe- 
liotopic;  we  therefore  placed  a 
plant,  111  inches  high,  in  a  box, 
blackened  within,  but  open  on  one 
side  in  front  of  a  north-east  window 
Tropceohtm  mojHs :  hfliotropic  without  any  blind.  A  filament  was 
movement  aud  circumnuta-    g^ed  to  tlie  third  intemode  from 

tion  of  an  old  intemode  to-     ,,  ..  i      i.         j   i. 

ward,  a  lateral  li^ht,  traced     ^^'^  «^^""*  ^^  One   plant,  and  to 

on  a  horizontal  glass  from  8  the  fourth  intemode  of  another. 
A.M.  Nov.  2nd  to  10  20  a.m.  Tlioi^c  intemodes  were  either  not 
Nov.  4th.  Broken  lines  sIionv    ^j^  enough,  or  the  light  was not  suf- 

the  nocturnal  course.  ,,.,..      .    i  ,    ,. 

ficiently  bright,  to  mduce  apheho- 
tropism,  for  both  plants  ben^  slowly  towards,  instead  of  from 
tlio  window  during  four  days.  The  course,  during  two  days  of 
the  first-mentioned  intemode,  is  given  in  Fig.  176  ;  and  we  see 
that  it  either  circumnutatcd  on  a  small  scale,  or  travelled  in  a 
zigzag  line  towards  the  light.  Wo  have  tliought  this  case  of 
feeble  heliotropism  in  one  of  the  older  intemodes  of  a  plant, 
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which,  whilst  joong,  is  so  extz^mely  sensitiTe  to  light,  worth 

giving. 

Cassia  iora.  —  The  cotyledans  of  this  plant  are  exti^nu.  Iv 
■ensitire  to  light,  whilst  the 

hjrpoootyta    are   much    less  ^  '*^^-      ^Jf^- 

sensitiTe  than  those  of  most 
other  seedlings,  as  we  had 
often  obeerred  with  surprise. 
It   seemed  therefore   worth 
while   to  trace  their  more- 
ments.    They  were  exposed 
to  a  lateral  light  before  a 
ncMTth-easI    window,    which 
was  at  first  covered  merely 
by  a  mu&iin  blind,  but  as 
the  sky  grew  brighter  about 
II  AJL,  an  additional  linen 
olind  was  suspended.    After 
4  pjf.  one  blind  and  then  the 
other    was    removed.     The 
seedlings  were  protected  on 
each  side  and  above,  but  were 
open  to   the  diffused   light 
of  the  room  in  the  rear.   Up- 
right filaments  were  fixed  u> 
the  hypocotyls  of  two  seed- 
lings, which  stood  vertically 
in  the  morning.    The  accom- 
panying  figure    (Fig.  177) 
shows  the  course  pursued  by 
one  of  them  during  two  days ; 
but  it  should  be  particularly 
noticed    that     during    the 
second  day  the  seedlings  were  SfiuitA 
kept   in  darkness,  and   they    Cassia  tora:  heliotropic  morem^nt  ana 

then  circumnutated  round  j^^jj  i^  height)  traceti  on  a  hori/onta; 
nearly  the  same  small  space.  glass  from  8  a.m.  to  10. 10  ivm.  ivt. 
On  the  first  day  (Oct.  7th)      ^th.     Also  its  rf''^";""!  »«|^*»  J" 

.,       ,  »i-iji  darkness  from?  A.M.  Oct.  8th  to  7.4o 

the  hypocotyl    moved  from      j^^  o^t.  9th. 

8  A.1L  to  12.23  p.]f.,  toward 

the  light  in  a  zigzag  line,  then  turned  abrui>tly  to  the  loft 

and  afterwards  described  a  small  ellipse.     Another  ixregulat 
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ellipse    was   completed   between  3   p.m.  and  about  5.30  P.M., 
the  hypocotyl  still  bending  towards  the  light.    The  hypoootyl 


Fig.  17«. 


was  straight  and  npright  in  the  morn- 
ing, but  by  6  P.M.  its  upper  half  was 
bowed  towards  the  light,  so  that  the 
chord  of  the  arc  thus  formed  stood  at 
an  angle  of  20°  with  the  perpendicular. 
After  6  p.m.  its  course  was  reversed 
through  the  action  of  apogeotropism, 
and  it  continued  to  l)end  from  the 
wiudow  during  the  night,  as  shown  by 
the  broken  line.  On  the  next  day  it 
was  kept  in  the  dark  (excepting  when 
each  obFervation  was  made  by  the  aid 
of  a  taper),  and  tlie  course  followed 
from  7  a.m.  on  the  8th  to  7.45  a.m.  on 
the  9th  is  here  likewise  shown.  The 
difl'erence  Ix'tween  the  two  partes  of  the 
figure  (177),  namely,  that  described 
during  the  daytime  on  the  7th,  when 
exposed  to  a  rather  dim  lateral  light, 
and  that  on  the  8th  in  darkness,  is 
striking.  The  difference  consists  in  the 
lines  during  the  first  day  having  been 
drawn  out  in  the  direction  of  the  light. 
The  movements  of  the  other  seedling, 
traced  under  the  same  circumstances, 
were  closely  similar. 

AiiheUotropism. — We  succeeded  in 
observing  only  two  cases  of  aphelio- 
tropism,  for  these  are  somewhat  rare ; 
and  the  movements  are  generally  so 
slow  that  they  would  have  been  vorv 
Dijnonu.  caprcoiatt :  . phc-    troublesome  to  trace. 

liotropic  movement  of  a 

teu'lril,  traced  ou  a  hoii-         Birjnonm   capredata.—JSO  organ    of 

zontal  glass  from  6.45    any  plant,  as  far  as  we  have  seen,  bends 

A.M.  July  19th  to  10  A.M.    away  so  quickly  from  the  light  as  do 

;;ii;..Ii;'~riHt';:  ^^-  tendms  of  this  Bignoma.  They 
magnified,  here  reduced  ^^^  &1^  remarkable  from  circum- 
to  two-third*  of  the  nutating  much  less  regularly  than 
original  scale.  j^^g^^  other  tendrils,  often  remaining 

stationary ;  they  depend  on  apheliotropism  for  coming  into 
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contact  ^th  the  trunks  of  trees.*  The  stern  of  a  young  plant 
was  tied  to  a  stick  at  the  base  of  a  piiir  of  fine  tendrils,  which 
projected  almost  vertically  upwards;  and  it  was  placed  in 
front  of  a  north-east  window,  being  protected  on  all  other  sides 
from  the  light.  The  first  dot  was  made  at  6.45  a.m.,  and  l»y 
7.35  A.M.  both  tendrils  felt  the  full  influence  of  the  light,  for 
they  moved  straight  away  from  it  until  9.20  a.m.,  when  th(^' 
circumnutated  for  a  time,  still  moving,  but  only  a  little,  from 
the  light  (see  Fig.  178  of  the  left-hand  tendril).  After  3  p.m. 
they  again  moved  rapidly  away  from  the  light  in  zigzag  lines. 
By  a  late  hour  in  the  evening  both  had  moved  so  far,  that 
they  pointed  in  a  direct  line  from  the  light  During  the  night 
they  returned  a  little  in  a  nearly  opposite  direction.  On  the 
following  morning  they  again  moved  from  the  light  and  con- 
verged, so  that  by  the  evening  they  had  become  interlocked, 
still  pointing  from  the  light  The  right-hand  tendril,  whilst 
converging,  zigzagged  much  more  than  the  one  figured.  Both 
tracings  showed  that  the  apheliotropic  movement  was  a  modi- 
fied form  of  circumnutation. 

Cyclamen  Ptrsicum, — Whilst  this  plant  is  in  flower  the  peduncles 
stand  upright,  but  their  uppermost  part  is  hooked  so  that  the 
flower  itself  hangs  downwards.  As  soon  as  the  pods  begin  to 
swell,  the  peduncles  increase  much  in  length  and  slowly  curve 
downwards,  but  the  short,  upper,  hooked  part  straightens  itself. 
Ultimately  the  pods  reach  the  ground,  and  if  this  is  covered 
with  moss  or  dead  leaves,  they  bury  themselves.  We  have  often 
seen  saucer-like  depresi>ions  formed  by  the  pods  in  damp  sand 
or  sawdust;  and  one  pod  (3  of  inch  in  diameter)  buried  itself 
in  sawdust  for  three-quarters  of  its  length- 1  We  shall  have 
occasion  hereafter  to  consider  the  object  gained  by  this  burying 
process.  The  peduncles  can  change  the  direction  of  their  cur- 
vature, for  if  a  pot,  with  plants  having  their  peduncles  alrea^ly 
bowed  downwards,  be  y^laced  horizontally,  they  slowly  bend 
at  right  angles  to  their  former  direction  towards  the  centre  of 
the  earth.  We  therefore  at  first  attributed  the  movement  to 
geotropism  ;  but  a  ix)t  which  had  lain  horizontally  with  the  pods 


•  •  The  MoTementi  nnd  Habits 
of  Climbing  riaiits,*  187.'),  p.  97. 

t  The  peil uncles  of  Bcveml 
other  BpocifS  of  Cyclarnen  twi^t 
tliemselvctt  into  a  spire,  and  lus 
curding  to  Erasmus  D.ir\\in  (*  1^>- 


tauic  Ganlen,'  Canto^  iit  p.  126\ 
the  poiU  forcibly  penetrate  the 
ctirtli.  See  also  Cirenior  nnd 
Godron,  •  Kli.re  de  France,*  tom.  ii 
1>.  4:V.». 
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all  pointing  to  the  ground,  was  roversed,  being  still  kept  hori« 
zontal,  60  that  the  pods  now  pointed  directly  upwards ;  it  was 
then  placed  in  a  dark  cupboard,  but  the  pods  still  pointed  up- 
wards after  four  days  and  nights.  The  pot,  in  the  same  position, 
was  next  brought  back  into  the  light,  and  after  two  days  there 
was  8ome  bending  downwards  of  the  peduncles,  and  on  the  fourth 
day  two  of  them  pointed  to  the  centre  of  the  earth,  as  did  the 
others  after  an  additional  day  or  two.  Another  plant,  in  a  pot 
which  had  always  stood  upright,  was  left  in  the  dark  cupboard 
for  six  days ;  it  bore  3  peduncles,  and  only  one  became  within  this 

Fig.  179. 


Cyckmien  PtTSicum:  downward  apheliotropic  moTement  of  a  flower-peduncle, 
greatly  magnified  (about  47  times  ?),  traced  on  a  horizontal  glaas  from 
1  P.M.  Feb.  18th  to  8  A.M.  2 1st. 

time  at  all  bowed  downwards,  and  that  doubtfully.  The  weight, 
therefore,  of  the  pods  is  not  the  cause  of  the  bending  down. 
Tins  pot  was  then  brought  back  into  the  light,  and  after  three 
days  the  peduncles  were  considerably  bowed  downwards.  We 
ai-e  thus  led  to  infer  that  the  downward  curvature  is  due  to 
apbeliotropism ;  though  more  trials  ought  to  have  been  made. 

In  order  to  observe  the  nature  of  this  movement,  a  peduncle 
bearing  a  large  pod  which  had  reached  and  rested  on  the 
ground,  was  lifted  a  little  up  and  secured  to  a  stick.  A  filament 
was  fixed  across  the  pod  with  a  mark  beneath,  and  its  move* 


cuAF.  Ym.  aPheuotbopism.  435 

ment,  greatly  magnified,  was  traced  on  a  horizontal  glass  during 
67  b.  The  plant  was  illuminated  during  the  day  from  above.  •  A 
copy  of  the  tracing  is  given  on  p.  434  (Fig.  179) ;  and  there  can 
be  no  doubt  that  the  descending  movement  is  one  of  modified 
eircumnutation,  but  on  an  extremely  small  scale.  The  ol)serva- 
tion  was  repeated  on  another  pod,  which  had  partially  buried 
itself  in  sawdust,  and  which  was  lifted  up  a  quarter  of  an  inch 
above  the  surface;  it  described  three  very  small  circles  in  24  h. 
Considering  the  great  length  and  thinness  of  the  peduncles 
and  the  lightness  of  the  pods,  we  may  conclude  that  they 
would  not  be  able  to  excavate  saucer-like  depressions  in  sand 
or  sawdust,  or  bury  themselves  in  moss,  &c.,  unless  they  were 
aided  by  their  continueil  rocking  or  circumnutating  move- 
ment. 

Belation  htticeen  Circumntiiation  and  Heliotropism. — 
Any  one  who  will  look  at  the  foregoing  diagrams, 
showing  the  movements  of  the  stems  of  various  plants 
towards  a  lateral  and  more  or  less  dimmed  light,  will 
be  forced  to  admit  that  ordinary  circumnutation  and 
heliotropism  graduate  into  one  another.  When  a 
plant  is  exposed  to  a  dim  lateral  light  and  continues 
during  the  whole  day  bending  towards  it,  receding 
late  in  the  evening,  the  movement  unquestionably  is 
one  of  heliotropism.  Now,  in  the  case  of  Tropaeolimi 
(Fig.  175)  the  stem  or  epicotyl  obviously  ciicumnu- 
tated  during  the  whole  day,  and  yet  it  continued  at 
the  same  time  to  move  heliotropically ;  this  latter 
movement  being  effected  by  the  apex  of  each  succes- 
sive elongated  figure  or  ellipse  standing  nearer  to 
the  light  than  the  previous  one.  In  the  case  ot 
Cassia  (Fig.  177)  the  comparison  of  the  movement  ot 
the  hypocotyl,  when  exposed  to  a  dim  lateral  light  and 
to  darkness,  is  very  instructive ;  as  is  that  between 
the  ordinary  circumnutating  movement  of  a  seedling 
Brassica  (Figs.  172,  173),  or  that  of  Phalaris  (Figs. 
49,  174),  and  their  heliotropic  movement  towards  a 
window  protected   by  blinds.    In  both  these  cases 
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and  in  many  others,  it  was  interesting  to  notice  Lon^ 
gradually  the  stems  began  to  circumnutate  as  the 
light  waned  in  the  evening.  We  have  therefore  many 
kinds  of  gradations  from  a  movement  towards  the  light, 
which  must  be  considered  as  one  of  circumnutation 
very  slightly  modified  and  still  consisting  of  ellipses 
or  circles, — though  a  movement  more  or  less  strongly 
zigzag,  with  loops  or  ellipses  occasionally  formed, — to 
a  nearly  straight,  or  even  quite  straight,  heliotropir 
course. 

A  plant,  when  exposed  to  a  lateral  light,  though 
this  may  be  bright,  commonly  moves  at  first  in  a 
zigzag  line,  or  even  directly  from  the  liglit ;  and 
this  no  doubt  is  due  to  its  circumnutating  at  the 
time  in  a  direction  either  opposite  to  the  source  of 
the  light,  or  more  or  less  transversely  to  it.  As  soon, 
however,  as  the  direction  of  the  circumnutating  move- 
ment nearly  coincides  with  that  of  the  entering  light, 
the  plant  bends  in  a  straight  course  towards  the  light, 
if  this  is  bright.  The  course  ai>pears  to  be  rendered 
more  and  more  rapid  and  rectilinear,  in  accordance  with 
the  degree  of  brightness  of  the  light — firstly,  by  the 
longer  axes  of  the  elliptical  figures,  which  the  plant 
continues  to  describe  as  long  as  the  light  remains  very 
dim,  being  directed  more  or  less  accurately  towards 
its  source,  and  by  each  successive  ellipse  being  de- 
scribed nearer  to  the  light.  Secondly,  if  the  light 
is  only  somewhat  dimmed,  by  the  acceleration  and 
increase  of  the  movement  towards  it,  and  by  the 
retardation  or  arrestment  of  that  from  the  light,  some 
lateral  movement  being  still  retained,  for  the  light 
will  interfere  loss  with  a  movement  at  right  angles 
to  its  direction,  than  with  one  in  its  own  directioii.* 


♦  In  his  papiT,  *  Ui  l)or  ortlio-       tl  eile*  (•  ArbcitoTi  cics  Bot  Inst 
trope  uud   plagiotrope  PHauzcu-       in  WQrzburg,'  Baud  it  lieft  ii 
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The  result  is  that  the  course  is  rendered  more  or  less 
zigzag  and  unequal  in  rate.  Lastly,  when  the  light 
is  very  bright  all  lateral  movement  is  lost ;  and  the 
whole  energy  of  the  plant  is  expended  in  rendering 
the  circumnutating  movement  rectilinear  and  rapid  in 
one  direction  alone,  namely,  towards  the  light. 

The  common  view  seems  to  be  that  heliotropism  is 
a  quite  distinct  kind  of  movement  from  circumnuta- 
tion;  and  it  may  be  urged  that  in  the  foregoing 
diagrams  we  see  heliotropism  merely  combined  with, 
or  superimposed  on,  circumnutation.  But  if  so,  it  must 
be  assumed  that  a  bright  lateral  light  completely 
stops  circumnutation,  for  a  plant  thus  exposed  moves 
in  a  straight  line  towards  it,  without  describing  any 
ellipses  or  circles.  If  the  light  be  somewhat  obscured, 
though  amply  suflBcient  to  cause  the  plant  to  bend 
towards  it,  we  have  more  or  less  plain  evidence  of  still- 
continued  circumnutation.  It  must  further  be  assumed 
that  it  is  only  a  lateral  light  which  has  this  extraor- 
dinary power  of  stopping  circumnutation,  for  we  know 
that  the  several  plants  above  experimented  on,  and 
all  the  others  which  were  observed  by  us  whilst  grow- 
ing, continue  to  circumnutate,  however  bright  the  light 
may  be,  if  it  comes  from  above.  Nor  should  it  be 
forgotten  that  in  the  life  of  each  plant,  circumnuta- 
tion precedes  heliotropism,  for  hypocotyls,  epicotyls, 
and  petioles  circumnutate  before  they  have  broken 
through  the  ground  and  have  ever  felt  the  influence  of 
light. 

We  are  therefore  fully  justified,  as  it  seems  to  us,  in 
believing  that  whenever  light  enters  laterally,  it  is  the 


1879),  Sachs  hna  discusRcd  the  the  organs  of  plnnts  etftncl  witlj 
manner  in  which  ^fotropism  nnd  respect  to  the  direction  of  the 
heliotropium  are  affected  by  dif-      incident  force. 


ferences  in  the  angles  at  which 


i38  MODIFIED  CIRCUMNUTATION.         Cuap.  VUL 

movement  of  circiimnutation  which  gives  rise  to,  or  ia 
converted  into,  heliotropism  and  apheliotropism.  On 
this  view  we  need  not  assume  against  all  analogy  that 
a  lateral  light  entirely  stops  circumnutation ;  it  merely 
excites  the  plant  to  modify  its  movement  for  a  time 
in  a  beneficial  manner.  The  existence  of  every  pos- 
sible gradation,  between  a  straight  course  towards  a 
lateral  light  and  a  course  consisting  of  a  series  of  loops 
or  ellipses,  becomes  perfectly  intelligible.  Finally, 
the  conversion  of  circumnutation  into  heliotropism  or 
apheliotropism,  is  closely  analogous  to  what  takes  place 
with  sleeping  plants,  which  during  the  daytime  de- 
scribe one  or  more  ellipses,  often  moving  in  zigzag  lines 
and  making  little  loops ;  for  when  they  begin  in  the 
evening  to  go  to  sleep,  they  likewise  expend  all  their 
energy  in  rendering  their  course  rectilinear  and  rapid. 
In  tlie  case  of  sleep-movements,  the  exciting  or  regu- 
lating cause  is  a  diflference  in  the  intensity  of  the 
light,  coming  from  above,  at  different  periods  of  the 
twenty-four  hours;  whilst  with  heliotropic  and  aphe- 
liotropic  movements,  it  is  a  difference  in  the  intensity 
of  the  light  on  the  two  sides  of  the  plant. 

Transversal'heliotropismua  {of  Frank  *)  or  Dtahelio- 
tropism, — The  cause  of  leaves  placing  themselves 
more  or  less  transversely  to  the  light,  with  their 
upper  surfaces  directed  towards  it,  has  been  of  late 
the  subject  of  much  controversy.  We  do  not  here 
refer  to  the  object  of  the  movement,  which  no  doubt 
is  that  their  upper  surfaces  may  be  fully  illuminated, 
but  the  means  by  which  this  position  is  gained. 
Hardly  a  better  or  more  simple  instance  can  be  given 


♦  •  Die  naturlir-ho  "Waorerechte  Fnige  iiber  Transvcr-al  Geo-nnd 

Riclitun;;    von    Pflanzcutheilen,*  Heliotropismus,"  *  Bot  Zcitung, 

IS'/O.    Seo  also  8r)me  interesting  1S73,  p.  17  e<  idg. 
articles  by  the  same  author,  **  Zur 
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of  diaheliotropism  than  that  offered  by  many  seed- 
lings, the  cotyledons  of  which  are  extended  hori- 
zontally. When  they  first  burst  from  their  seed-coats 
they  are  in  contact  and  stand  in  various  positions, 
often  vertically  upwards ;  they  soon  diverge,  and  this 
is  effected  by  epinasty,  which,  as  we  have  seen,  is  a 
modified  form  of  circumnutation.  After  they  have 
diverged  to  their  full  extent,  they  retain  nearly  tho 
same  position,  though  brightly  illuminated  all  day 
long  from  above,  with  their  lower  surfaces  close  to  the 
ground  and  thus  much  shaded.  There  is  therefore  a 
great  contrast  in  the  degree  of  illumination  of  their 
upper  and  lower  surfaces,  and  if  they  were  heliotropic 
they  would  bend  quickly  upwards.  It  must  not,  how- 
ever, be  supposed  that  such  cotyledons  are  immovably 
fixed  in  a  horizontal  position.  When  seedlings  are 
exposed  before  a  window,  their  hypocotyls,  which  are 
highly  heliotropic,  bend  quickly  towards  it,  and  the 
upper  surfaces  of  their  cotyledons  still  remain  ex- 
posed at  right  angles  to  the  light ;  but  if  the  hypo- 
cotyl  is  secured  so  that  it  cannot  bend,  the  cotyledons 
themselves  change  their  position.  If  the  two  are 
placed  in  the  line  of  the  entering  light,  the  one 
furthest  from  it  rises  up  and  that  nearest  to  it  often 
sinks  down ;  if  placed  transversely  to  the  light,  they 
twist  a  little  laterally ;  so  that  in  every  case  they 
endeavour  to  place  their  upper  surfaces  at  right  angles 
to  the  light.  So  it  notoriously  is  with  the  leaves  on 
plants  nailed  against  a  wall,  or  grown  in  front  of  a 
window.  A  moderate  amount  of  light  suffices  to  in- 
duce such  movements ;  all  that  is  necessary  is  that  the 
light  should  steadily  strike  the  plants  in  an  oblique 
direction.  With  respect  to  the  above  twisting  move- 
ment of  cotyledons,  Frank  has  given  many  and  much 
more  striking  instances  in  the  case  of  the  leaves  on 
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branches  which  had  been  fastened  in  various  positions 
or  turned  upside  down. 

In  our  observations  on  the  cotyledons  of  seedKng 
plants,  we  often  felt  surprise  at  their  persistent  hori- 
zontal position  during  the  day,  and  were  convinced 
before  we  had  read  Frank's  essay,  that  some  special 
explanation  was  necessary.  De  Vries  has  shown* 
that  the  more  or  less  horizontal  position  of  leaves  is 
in  most  Ciises  influenced  by  epinasty,  by  their  own 
weight,  and  by  apogeotropism.  A  young  cotyledon 
or  leaf  after  bursting  free  is  brought  down  into  its 
proper  position,  as  already  remarked,  by  epinasty, 
which,  according  to  Ue  Vries,  long  continues  to  act 
on  the  midribs  and  petioles.  Weight  can  hardly  be 
influential  in  the  case  of  cotyledons,  except  in  a  few 
cases  presently  to  be  mentioned,  but  must  be  so  with 
largo  and  thick  leaves.  With  respect  to  apogeotropism, 
De  Vries  maintains  that  it  generally  comes  into  play, 
and  of  this  fact  we  shall  presently  advance  some 
indirect  evidence.  But  over  these  and  other  constant 
forces  we  believe  that  there  is  in  many  cases,  but  we 
do  not  say  in  all,  a  preponderant  tendency  in  leaves 
and  cotyledons  to  place  themselves  more  or  less  trans- 
versely with  respect  to  tlie  light. 

In  the  cases  above  alluded  to  of  seedlings  exposed 
to  a  lateral  light  with  their  hypocotyls  secured,  it  is 
impossible  that  epinasty,  weight  and  apogeotropism, 
C'ither  in  opposition  or  combined,  can  be  the  cause  of 
the  rising  of  one  cotyledon,  and  of  the  sinking  of  the 
other,  since  the  forces  in  question  act  equally  on  both ; 
and  since  epinasty,  weight  and  apogeotropism  all  act 
in  a  vertical  plane,  they  cannot  cause  the  twisting  of 
the   petioles,   which  occurs   in    seedlings  under  the 

♦  •Arbeileu  des  But.  I'latitiitd  in  Wurzburg,'  Heft.  ii.  1872,  pp. 
22S-277. 
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above  conditions  of  illumination.  All  these  movements 
evidently  depend  in  some  manner  on  the  obliquity  of 
the  light,  but  cannot  be  called  heliotropic,  as  this 
implies  bending  towards  the  light ;  whereas  the  coty- 
ledon nearest  to  the  light  bends  in  an  opposed  direc- 
tion or  downwards,  and  both  place  themselves  as  nearly 
as  possible  at  right  angles  to  the  light.  The  move- 
ment, therefore,  deserves  a  distinct  name.  As  coty- 
ledons and  leaves  are  continually  oscillating  up  and 
down,  and  yet  retain  all  day  long  their  proper  position 
with  their  upper  surfaces  directed  transversely  to  the 
light,  and  if  displaced  reassume  this  position,  dia- 
heliotropism  must  be  considered  as  a  modified  form  of 
circumnutation.  This  was  often  evident  when  the 
movements  of  cotyledons  standing  in  front  of  a  w  indow 
were  traced.  We  see  something  analogous  in  the  case 
of  sleeping  leaves  or  cotyledons,  which  after  oscillating 
up  and  down  during  the  whole  day,  rise  into  a  vertical 
|X)sition  late  in  the  evening,  and  on  the  following 
morning  sink  down  again  into  their  horizontal  or  dia- 
heliotropic  position,  in  direct  opposition  to  heliotro- 
pism.  This  return  into  their  diurnal  position,  which 
often  requires  an  angular  movement  of  OO'',  is  analo- 
gous to  the  movement  of  leaves  on  displaced  branches, 
which  recover  their  former  positions.  It  deserves 
notice  that  any  force  such  as  a])ogeotropisra,  will  act 
with  difterent  degrees  of  power*  in  the  diflerent  posi- 
tions of  those  leaves  or  cotvledons  which  oscillate 
largely  up  and  down  during  the  day ;  and  yet  they 
recover  their  horizontal  or  diaheliotropic  position. 

We  may  therefore  conclude  that  diaheliotropic 
movements  cannot  be  fully  explained  by  the  direct 
action   of  light,  gravitation,  weight,  &c.,   any   more 


See  former  note,  in  reference  to  Sachs'  remaiks  on  this  si  bject. 
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than  can  the  nyctitropic  movements  of  cotyledons 
and  leaves.  In  the  latter  case  they  place  themselves 
so  that  their  upper  surfaces  may  radiate  at  night 
as  little  as  possible  into  open  space,  with  the  upper 
surfaces  of  the  opposite  leaflets  often  in  contact.  These 
movements,  which  are  sometimes  extremely  complex, 
are  regulated,  though  not  directly  caused,  by  the  alter- 
nations of  light  and  darkness.  In  the  case  of  diahelio- 
tropism,  cotyledons  and  leaves  place  themselves  so 
that  their  upper  surfaces  may  be  exposed  to  the  light, 
and  this  movement  is  regulated,  though  not  directly 
caused,  by  the  direction  whence  the  light  proceeds.  In 
both  cases  the  movement  consists  of  circumnutation 
modified  by  innate  or  constitutional  causes,  in  the 
same  manner  as  with  climbing  plants,  the  circumnu- 
tation of  which  is  increased  in  amplitude  and  rendered 
more  circular,  or  again  with  very  young  cotyledons 
and  leaves  which  are  thus  brought  down  into  a  hori- 
zontal position  by  epinasty. 

We  have  hitherto  referred  only  to  those  leaves  and 
cotyledons  which  occupy  a  permanently  horizontal 
position ;  but  many  stand  more  or  less  obliquely,  and 
some  few  upright.  The  cause  of  these  differences  of 
position  is  not  known ;  but  in  accordance  with  Wiesner's 
views,  hereafter  to  be  given,  it  is  probable  that  some 
leaves  and  cotyledons  would  suffer,  if  they  were  fully 
illuminated  by  standing  at  right  angles  to  the  light. 

We  have  seen  in  the  second  and  fourth  chapters 
that  those  cotyledons  and  leaves  which  do  not  alter 
their  positions  at  night  sufficiently  to  be  said  to  sleep, 
commonly  rise  a  little  in  the  evening  and  fall  again 
on  the  next  morning,  so  that  they  stand  during  the 
night  at  a  rather  higher  inclination  than  during  the 
middle  of  the  day.  It  is  incredible  that  a  rising 
movement  of  2""  or  3^  or  even  of  10°  or  20"^,  can  be  of 
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any  service  to  the  plant,  so  as  to  have  been  specially 
acquired.  It  must  be  the  result  of  some  periodical 
change  in  the  conditions  to  which  they  are  subjected, 
and  there  can  hardly  be  a  doubt  that  this  is  the  daily 
alternations  of  light  and  darkness.  De  Vries  states  in 
the  paper  before  referred  to,  that  most  petioles  and 
midribs  are  apogeotropic  ;*  and  apogeotropism  would 
account  for  the  above  rising  movement,  which  is  com- 
mon to  80  many  widely  distinct  species,  if  we  suppose  it 
to  be  conquered  by  diaheliotropism  during  the  middle 
of  the  day,  as  long  as  it  is  of  importance  to  the  plant 
that  its  cotyledons  and  leaves  should  be  fully  exposed 
to  the  light.  The  exact  hour  in  the  afternoon  at  which 
they  begin  to  bend  slightly  upwards,  and  the  extent  of 
the  movement,  will  depend  on  their  degree  of  sen- 
sitiveness to  gravitation  and  on  their  power  of  resist- 
ing its  action  during  the  middle  of  the  day,  as  well  as 
on  the  amplitude  of  their  ordinary  circumnutating 
movements ;  and  as  these  qualities  differ  much  in  dif- 
ferent species,  we  might  expect  that  the  hour  in  the 
afternoon  at  which  they  begin  to  rise  would  differ 
much  in  different  species,  as  is  the  case.  Some  other 
agency,  however,  besides  apogeotropism,  must  come 
into  play,  either  directly  or  indirectly,  in  this  upward 
movement.  Thus  a  young  bean  (Vicia  fdba),  growing 
in  a  small  pot,  was  placed  in  front  of  a  window  in  a 
klinostat ;  and  at  night  the  leaves  rose  a  little,  although 


*  According  to  Fmtik  (*  Die 
nut.  Wagerechte  Richtuug  voii 
Prtanzentlieilun.'  1870,  p.  46)  tlie 
root-leaves  of  many  plants,  kept 
in  darkness,  rise  up  and  even  le- 
oome  vertical ;  and  bo  it  is  in  some 
cases  with  shoots.  (See  Rauwen- 
hoff,  *  Archives  Ne^rlandaifees,* 
torn.  xii.  p.  32.)  Tlu-se  movements 
indicate  apogeotropism  ;  but  when 


organs  have  been  long  kept  in  the 
diirk,  tlie  amount  of  water  and  of 
mineral  matter  winch  they  con- 
tain is  so  much  altered,  and  tluir 
rfgulnr  growtli  is  bo  much  dis- 
turbed, that  it  is  periiaps  rush  to 
infer  from  their  niovement«  what 
would  occur  under  normal  con- 
ditions. (See  GodlewHki,  •Bot 
Zoitong,'  Feb.  14tii,  1879.) 
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the  action  of  apogeotropism  was  ^uite  eliminated. 
Nevertheless,  they  did  not  rise  nearly  so  much  at 
night,  as  when  subjected  to  apogeotropism.  Is  it 
not  possible,  or  even  probable,  that  leaves  and  coty- 
ledons, which  have  moved  upwards  in  the  evening 
through  the  action  of  apogeotropism  during  countless 
generations,  may  inherit  a  tendency  to  this  movement  ? 
We  have  seen  that  the  hypocotyls  of  several  Legu- 
minous plants  have  from  a  remote  period  inherited  a 
tendency  to  arch  themselves ;  and  we  know  that  the 
sleep-movements  of  leaves  are  to  a  certain  extent 
inherited,  independently  of  the  alternations  of  light 
and  darkness. 

In  our  observations  on  the  circumnutation  of  those 
cotyledons  and  leaves  which  do  not  sleep  at  night,  we 
met  with  hardly  any  distinct  cases  of  their  sinking 
a  little  in  the  evening,  and  rising  again  in  the  morn- 
ing,— that  is,  of  movements  the  reverse  of  those  just 
discussed.  We  have  no  doubt  that  such  cases  occur, 
inasmuch  as  the  leaves  of  many  plants  sleep  by 
sinking  vertically  downwards.  How  to  account  for  the 
few  cases  which  were  observed  must  be  left  doubtful. 
The  young  leaves  of  Cannabis  sativa  sink  at  night 
between  30°  and  40°  beneath  the  horizon ;  and  Kraus 
attributes  this  to  epiuasty  in  conjunction  with  the 
absorption  of  water.  Whenever  epinastic  growth  is 
vigorous,  it  might  conquer  diaheliotropism  in  the 
evening,  at  which  time  it  would  be  of  no  import- 
ance to  the  plant  to  keep  it«  leaver  horizontal. 
The  cotyledons  of  Anoda  Wrif/htii,  of  one  variety  of 
Gossypium,  and  of  several  species  of  Ipomoea,  remain 
horizontal  in  the  evening  whilst  they  are  very  young ; 
as  they  grow  a  little  older  they  curve  a  little  down- 
wards, and  when  large  and  heavy  sink  so  much  that 
they  come  under  our  definition  of  sleep.    In  the  case  of 


Chah.  Vlll  PABAHELIOTROPISM.  44o 

the  Anoda  and  of  some  species  of  Ipomoea,  it  was  proved 
that  the  downward  movement  did  not  depend  on  the 
weight  of  the  cotyledons ;  but  from  the  fact  of  the  move- 
ment being  so  much  more  strongly  pronounced  after 
the  cotyledons  have  grown  large  and  heavy,  we  may 
suspect  that  their  weight  aboriginally  played  some  part 
in  determining  that  the  modification  of  the  circum- 
nutating  movement  should  be  in  a  downward  direction. 
The  so-called  Diurnal  Sleep  of  Leaves,  or  Parahelio- 
tropism. — This  is  another  class  of  movements,  dependent 
on  the  action  of  light,  which  supports  to  some  extent 
the  belief  that  the  movements  above  described  are 
only  indirectly  due  to  its  action.  We  refer  to  the 
movements  of  leaves  and  cotyledons  which  when 
moderately  illuminated  are  diaheliotropic ;  but  which 
change  their  positions  and  present  their  edges  to  the 
light,  when  the  sun  shines  brightly  on  them.  These 
movements  have  sometimes  been  called  diurnal  sleep, 
but  they  differ  wholly  with  respect  to  the  object 
gained  from  those  properly  called  nyctitropic ;  and  in 
some  cases  the  position  occupied  during  the  day  is  the 
reverse  of  that  during  the  night. 

It  has  long  Ixjcn  known*  that  when  the  sun  shines  brightly 
on  the  leaflets  of  Robinia,  they  rise  up  and  present  their  edges 
to  the  light;  whilst  their  position  at  night  is  vertically  down- 
wards. We  have  observed  the  same  movement,  when  the 
sun  shone  brightly  on  the  leaflets  of  an  Australian  Acacia. 
Those  of  Amphicarpaxt  monoica  turned  their  edges  to  the  sun ; 
and  an  analogous  movement  of  the  little  almost  rudimentary 
basal  leaflets  of  Mimosa  alhida  was  on  one  occasion  so  rapid  that 
it  could  be  distinctly  seen  through  a  lens.  The  elongated,  uni- 
foliate,  first  leaves  of  Fhastolus  Itoxburghii  stood  at  7  a.m.  at  20° 
above  the  horizon,  and  no  doubt  they  afterwards  sank  a  little 
lower.    At  noon,  after  having  been  exposed  for  alxjut  2  h.  to 


•  PfefTcr  erivca  tho  nnnw^  aii'l  dates  of  Bcvcral  ancient  writers  in  hit 
•Die  Perio'iidc'htn  Beweguugen,'  1875,  p.  C2. 
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a  bright  sun,  they  stood  at  56®  above  the  horizon ;  they  were 
then  protected  from  the  rays  of  the  sun,  but  were  left  well 
illuminated  from  above,  and  after  30  m.  they  had  fallen  40*^,  for 
they  now  stood  at  only  16°  above  the  horizon.  Some  young 
plants  of  Fhaseolus  Ilemaudesii  had  been  exposed  to  the  same 
bright  sunlight,  and  their  broad,  unifoliate,  first  leaves  now 
stood  up  almost  or  quite  vertically,  as  did  many  of  the  leaflets 
on  the  trifoliate  secondary  leaves ;  but  some  of  the  leaflets  had 
twisted  round  on  their  own  axes  by  as  much  as  90°  without 
rising,  so  as  to  present  their  edges  to  the  sun.  The  leaflets  on 
the  same  leaf  sometimes  behaved  in  these  two  different  manners, 
but  always  with  the  result  of  being  less  intensely  illiuninated. 
These  plants  were  then  protected  from  the  sun,  and  were  looked 
at  after  lih.;  and  now  all  the  leaves  and  leaflets  had  re- 
assumed  their  ordinary  sub-horizontal  positions.  The  copper- 
coloured  cotyledons  of  some  seedlings  of  Cassia  mimosoides  were 
horizontal  in  the  morning,  but  after  the  sun  had  shone  on 
them,  each  had  risen  45 i°  above  the  horizon.  The  movement 
in  these  several  cases  must  not  be  confounded  with  the  sudden 
closing  of  the  leaflets  of.  Mimosa  pudica^  which  may  sometimes 
be  noticed  when  a  plant  which  has  been  kept  in  an  obscure 
place  is  suddenly  exposed  to  the  sun  ;  for  in  this  case  the  light 
seems  to  act,  as  if  it  were  a  touch. 

From  Prof.  Wiesner's  interesting  observations,  it  is  probable 
that  the  above  movements  have  been  acquired  for  a  special 
purpose.  The  chlorophyll  in  leaves  is  often  injured  by  too 
intense  a  light,  and  Prof.  Wiesner*  believes  that  it  is  protected 
by  the  most  diversified  means,  such  as  the  presence  of  hairs, 
colouring  matter,  <&c.,  and  amongst  other  means  by  the  leaves 
presenting  their  edges  to  the  sun,  so  that  the  blades  then 
receive  much  less  light.  He  experimented  on  the  young  leaflets 
of  Robinia,  by  fixing  them  in  such  a  position  that  they  could 
not  escape  being  intensely  illuminated,  whilst  others  were 
allowed  to  place  themselves  obliquely;  and  the  former  began  to 
suffer  from  the  light  in  the  course  of  two  days. 

In  the  cases  above  given,  the  leaflets  move  either  upwards 


*  *Dio    N'dturliolien    Einrich-  the  action  of  conoentrated  light 

tuiigen  zum  Schutze  des  Cliloro-  from  the  sun,  in  the  presence  of 

pliylls,'  &e.,   1876.     Prinj^sheim  oxygen.     See,  aLio,  Stahl  on  the 

h&B  recently  observed  under  the  protection    of    chlorophyll    from 

m?crosoo|»e   the     destruction    of  intense  light,  in  •Bot.  Zeitung, 

chlorophyll  in  a  few  minutes  by  1880. 
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or  twist  laterally,  so  as  to  place  their  edges  in  the  direction  of  the 
sun's  light;  but  Ck}hn  long  ago  observed  that  the  leaflets  of 
Ozalis  bend  downwards  when  fully  exposed  to  the  sun.  We 
witnessed  a  striking  instance  of  this  movement  in  the  yery 
large  leaflets  of  O,  Ortegesiu  A  similar  movement  may  fre- 
quently be  observed  with  the  leaflets  of  Averrhoa  hilimhi  (a 
member  of  the  Oxalid®) ;  and  a  leaf  is  here  represented  (Fig. 
180)  on  which  the  sun  had  shone.  A  diagram  (Fig.  134)  was 
given  in  the  last  chapter,  representing  the  oscillations  by  which 
a  leaflet  rapidly  descended  under  these  circumstances ;  and  the 
movement  may  bo  seen  closely  to  resemble  that  (Fig.  133)  b^ 

Kitj.  180. 


Averrhoa  btii'mbi :  leaf  with  le?.f1cts  depressed  alter  exposure  to  sunshine* 
bat  the  leaflets  are  sometimes  mure  depressed  than  is  here  shown. 
Figure  much  reduced. 

which  it  assumed  its  nocturnal  position.  It  is  an  interesting 
fiict  in  rehition  to  our  present  subject  that,  as  Prof.  Batalin 
informs  us  in  a  letter,  dated  February,  1879,  the  leaflets  of 
Oxalis  acetostUa  may  be  daily  exposed  to  the  sun  during  many 
weeks,  and  they  do  not  suffer  if  they  are  allowed  to  depress 
themselves;  but  if  this  be  prevented,  they  lose  their  colour  and 
wither  in  two  or  three  days.  Yet  the  duration  of  a  leaf  is  about 
two  months,  when  subjected  only  to  diffused  light ;  and  in  this 
case  the  leaflets  never  sink  downwards  during  the  day 

As  the  upward  movements  of  the  leaflets  of  Kobinia, 
and  the  downward  movements  of  those  of  Oxalis,  have 
been  proved  to  be  highly  beneficial  to  these  plants 
when  subjected  to  bright  sunshine,  it  seems  probable 
that  they  have  been  acquired  for  the  special  purpose 
of  avoiding  too  intense  an  illumination.  As  it  would 
baye  been  very  troublesome  in  all  the  above  cases  to 
20 
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have  watched  for  a  fitting  opportunity  and  to  have 
traced  the  movement  of  the  leaves  whilst  they  wei'e 
fully  exposed  to  the  sunshine,  we  did  not  ascertain 
whether  paraheliotropism  always  consisted  of  modi- 
lied  circumnutation ;  but  this  certainly  was  the  case 
with  the  Averrhoa,  and  probably  with  the  other  species, 
as  their  leaves  were  continually  circumnutatinjgr. 
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CHAPTER  IX. 

^RSsrriTtxzs*  op  Pla-vts  to  Light:  its  T8AX<MnTn>  cnrcTi. 

Vaes of  heliotropu^iD — Ins-. ctlTorou* ani c' '  ai/ius' jdaDU  not  beliotr>»)>ic 
— Same  oriraD  beli  trc-pic  mt  f':<e  aj-  "^.d  dvI  at  aoother — Extru- 
ordiiii»rT8eiisitiveTiesaofsofDe|laMt*To  ItjIi: — TLeeff^rU  of  light  Jc 
not  oone&pnod  vitb  its  iDteDdtj—  Efftcta  of  preTioiu  ill  ami  nation 
— Time  required  for  tiie  acti.-n  *>{  light  — Afttr-tfft^ct*  of  lig:*l — 
Apogtt»tropi-m  acts  as  >f*  n  ..*  ;ig?.t  *a:b — Accura«T  «iih  which 
plants)  Ixnil  to  the  liji.t — Thi«  «%pe:ident  on  the  illnnjination  of 
one  wl.olu  rile  of  the  part — I>caiise<l  at  n»itiTencfiB  tu  liifht  and  ltd 
traiiHmtted  elltcu — Ot.tyle^n-  of  I  halariA,  m-inm-x  of  btuding — 
Rc-»u]tfl  of  the  ex:lu^i«j'i  tf  lijLt  fn.m  their  tip! — Effects  truns- 
mttel  bem':it:;  the  surface  of  the  grrund — Ijiterd  ilicmination  of 
the  t  p  dttermjntr^  the  direction  of  the  carratnie  of  the  base— Coty- 
ledons of  Avt'!ia.  curxatnn;  of  basal  part  due  to  tiie  illumination  of 
upper  part — S  m.btr  results  with  the  hvpco.tyls  of  Bra&siea  and 
Beta — R  ulicles  of  Sinnpis  «pheliotropic.  due  to  tl  e  sen.-^itiToness  of 
their  tips — 0<n<-laiiiig  nmarks  and  summary  of  chapter — Means 
by  which  cin-umnutation  has  been  convtrted  into  heliotropism  or 
Rpheliotrupi.-m- 

X()  one  can  look  at  the  plants  growing  on  a  bank  or 
on  tiio  borders  of  a  thick  wood,  and  doubt  that  the 
young  stems  and  leaves  place  themselves  so  that  the 
leaves  may  be  well  illuminated.  They  are  thus  enabled 
to  decompose  carbonic  acid.  But  the  sheath-like  coty- 
ledons oi'  some  Gramineae,  for  instance,  those  of  Pha- 
laris,  are  not  green  and  contain  very  little  starch  ; 
from  which  fact  we  may  infer  that  they  decomjx)S(' 
little  or  no  carbonic  acid.  Nevertheless,  they  are  ex- 
tremely heliotropic ;  and  this  probably  serves  them  in 
another  way,  namely,  as  a  guide  from  the  buried  seeds 
through  fissures  in  the  ground  or  through  overlying 
masses  of  vegetation,  into  the  light  and  air.   This  view 
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is  strengthened  by  the  fact  that  with  Fhalaris  anJ 
Avena  the  first  true  leaf,  which  is  bright  green  and  no 
doubt  decomposes  carbonic  acid,  exhibits  hardly  a 
trace  of  heliotropism.  The  heliotropic  movements  ol 
many  other  seedlings  probably  aid  them  in  like 
manner  in  emerging  from  the  ground ;  for  apogeo- 
tropism  by  itself  would  blindly  guide  them  upwards, 
against  any  overlying  obstacle. 

Heliotropism  prevails  so  extensively  among  the 
higher  plants,  that  there  are  extremely  few,  of  which 
some  part,  either  the  stem,  flower-peduncle,  petiole, 
or  leaf,  does  not  bend  towards  a  lateral  light 
Drosera  rotundifolia  is  one  of  the  few  plants  the 
leaves  of  which  exhibit  no  trace  of  heliotropism.  Nor 
could  we  see  any  in  Dionsea,  though  the  plants  were 
not  so  carefully  observed.  Sir  J.  Hooker  exposed  the 
pitchers  of  Sarracenia  for  some  time  to  a  lateral  light, 
but  they  did  not  bend  towards  it.*  We  can  understand 
the  reason  why  these  insectivorous  plants  should  not 
be  heliotropic,  as  they  do  not  live  chiefly  by  decom- 
posing carbonic  acid  ;  and  it  is  much  more  important 
t/O  them  that  their  leaves  should  occupy  the  best 
position  for  capturing  insects,  than  that  they  should 
be  fully  exposed  to  the  light. 

Tendrils,  which  consist  of  leaves  or  of  other  organs 
modified,  and  the  stems  of  twining  plants,  are,  as 
Mohl  long  ago  remarked,  rarely  heliotropic ;  and  here 
again  we  can  see  the  reason  why,  for  if  they  had 
moved  towards  a  lateral  light  they  would  have  been 
drawn  away  from  their  supports.  But  some  tendrils  ar(: 
apheliotropic,  for  instance  those  of  Bignonia  capredata 


•  According  to  F.  Kurlz  (•  Ver-  tonia    Cali/omira    are    Btronglj 

handl.  dee  Bot.  Vereins  dor  Pro.  npbcliotrupio.   We  fkikd  to  detect 

▼inz  Brandenburg/  Bd.  xx.  Is78)  thin  movement  in  a  plant  which 

the  leaves  or  pitchers  of  Darliivj'  we  possessed  for  a  short  time. 
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and  of  Smilax  aspera  ;  and  the  stems  of  some  plants 
which  climb  by  rootlets,  as  those  of  the  Ivy  and  Tecoma 
radicans,  are  likewise  apheliotropic,  and  they  thus  find 
a  support.  The  leaves,  on  the  other  hand,  of  most 
climbing  plants  are  heliotropic  ;  but  we  could  detect 
no  signs  of  any  such  movement  in  those  of  Mutisia 
demcUis. 

As  heliotropism  is  so  widely  prevalent,  and  as 
twining  plants  are  distributed  throughout  the  whole 
vascular  series,  the  apparent  absence  of  any  tendency 
in  their  stems  to  bend  towards  the  light,  seemed  to 
us  so  remarkable  a  fact  as  to  deserve  further  in- 
vestigation, for  it  implies  that  heliotropism  can  be 
readily  eliminated.  When  twining  plants  are  exposed 
to  a  lateral  light,  their  stems  go  on  revolving  or  cir- 
cumnutating  about  the  same  spot,  without  any  evident 
deflection  towards  the  light ;  but  we  thought  that 
we  might  detect  some  trace  of  heliotropism  by  com- 
paring the  average  rate  at  which  the  stems  moved  to 
and  from  the  light  during  their  successive  revolutions.* 
Three  young  plants  (about  a  foot  in  height)  of  Ipomcea 
cmrvlea  and  four  of  I,  purpurea,  growing  in  separate 
pots,  were  placed  on  a  bright  day  before  a  north-east 
window  in  a  room  otherwise  darkened,  with  the  tips 
of  their  revolving  stems  fronting  the  window.  When 
the  tip  of  each  plant  pointed  directly  from  the  window, 
and  when  again  towards  it,  the  times  were  recorded. 
This  was  continued  from  6.45  a.m.  till  a  little  after 
2  P.M.  on  June  17th.  After  a  few  observations  we 
concluded   that   we   could   safely  estimate   the   time 


•  Some  erroneous  statements  number  of  observations,  for  we  did 
are  unfortunately  given  on  tliis  not  then  know  at  how  unequal 
gubject,  in  '  The  Movements  and  a  rate  the  Btems  and  tendrils  of 
Habits  of  Climbin":  Pinnts,'  ]87d,  climbing  plants  f^onietimes  travel 
p|i.  28, 32, 40.  and  53.  fjouolusions  in  different  parts  of  the  lame  re- 
were  drawn  from  an  insufficient  Tolution. 
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taken  by  each  semicircle,  within  a  limit  of  error  of  at 
most  5  minutes.  Although  the  rate  of  movement  in 
different  parts  of  the  same  revolution  varied  greatly, 
yet  22  semicircles  to  the  light  were  completed,  each 
on  an  average  in  73*95  minutes;  and  22  semicircles 
from  tlie  light  each  in  73'5  minutes.  It  may,  there- 
fore, be  said  tliat  they  travelled  to  and  from  the  light 
at  exactly  the  same  average  rate ;  though  probably 
the  accuracy  of  the  result  was  in  part  accidental.  In 
the  evening  the  stems  were  not  in  the  least  deflected 
towards  the  window.  Nevertheless,  there  appears  to 
exist  a  vestige  of  heliotropism,  for  with  6  out  of  the 
7  plants,  the  first  semicircle  from  the  light,  described 
in  the  early  morning  after  they  had  been  subjected  to 
darkness  during  the  night  and  thus  probably  rendered 
more  sensitive,  required  rather  more  time,  and  the  first 
semicircle  to  the  light  considerably  less  time,  than  the 
average.  Thus  with  all  7  plants,  taken  together,  the 
mean  time  of  the  first  semicircle  in  the  morning  from 
the  light,  was  76*8  minutes,  instead  of  73'5  minutes, 
which  is  the  mean  of  all  the  semicircles  during  the 
day  from  the  light ;  and  the  mean  of  the  first  semi- 
circle to  the  light  was  only  631,  instead  of  73*95 
minutes,  which  was  the  mean  of  all  the  semicircles 
during  the  day  to  the  light. 

Similar  observations  were  made  on  Wistaria  Sinensi.^ 
and  the  mean  of  9  semicircles  from  tbe  light  was 
117  minutes,  and  of  7  semicircles  to  the  light  122 
minutes,  and  this  difi'erence  does  not  exceed  the  pro- 
bable limit  of  error.  During  the  three  days  of  expo- 
sure, the  shoot  did  not  become  at  all  bent  towards  the 
window  before  which  it  stood.  In  this  case  the  first 
semicircle  from  the  light  in  the  early  morning  of  each 
day,  required  rather  less  time  for  its  performance  thar 
(lid  the  first  semicircle  to  the  light ;  and  this  result, 
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if  not  accidental,  appears  to  indicate  that  the  shoots 
retain  a  trace  of  an  original  apheliotropic  tendency. 
With  Lontcera  hrachypoda  the  semicircles  from  and  to 
the  light  differed  considerably  in  time;  for  5  semi- 
circles from  the  light  required  on  a  mean  202*4 
minutes,  and  4  to  the  light,  229*5  minutes ;  but  the 
shoot  moved  rery  irregularly,  and  under  these  circum- 
stances the  observations  were  much  too  few. 

It  is  remarkable  that  the  same  part  on  tlie  same 
plant  may  be  affected  by  light  in  a  widely  different 
manner  at  different  ages,  and  as  it  appears  at  different 
seasons.  The  hypocotyledonous  stems  of  Iponioea 
earulea  and  purpurea  are  extremely  heliotropic,  whilst 
the  stems  of  older  plants,  only  about  a  foot  in  height, 
are,  as  we  have  just  seen,  almost  wholly  insensible  to 
light.  Sachs  states  (and  we  have  observed  the  same 
fact)  that  the  hypocotyls  of  the  Ivy  (Hedera  helix)  are 
slightly  heliotropic ;  whereas  the  stems  of  plants  grown 
to  a  few  inches  in  height  become  so  strongly  aphelio- 
tropic, that  they  bend  at  right  angles  away  from  the 
light.  Nevertheless,  some  young  plants  which  had 
behaved  in  this  manner  early  in  the  summer  again 
became  distinctly  heliotropic  in  the  beginning  of 
September ;  and  the  zigzag  courses  of  their  stems,  as 
they  slowly  curved  towards  a  north-east  window,  were 
traced  during  10  days.  The  stems  of  very  young 
plants  of  Tropieolum  majus  are  highly  heliotropic,  whilst 
those  of  older  plants,  according  to  Sachs,  are  slightly 
apheliotropic.  In  all  these  cases  the  heliotropism  of 
the  very  young  stems  serves  to  expose  the  cotyledons, 
or  when  the  cotyledons  are  hypogean  the  first  true 
leaves,  fully  to  the  light ;  and  the  loss  of  this  power 
by  the  older  stems,  or  their  becoming  apheliotropic, 
is  connected  with  their  habit  of  climbing. 

Most  seedling  plants  are  strongly  heliotropic,  and 
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it  is  no  doubt  a  great  advantage  to  them  in  theii 
struggle  for  life  to  expose  their  cotyledons  to  the 
light  as  quickly  and  as  fully  as  possible,  for  the  sake 
of  obtaining  carbon.  It  has  been  shown  in  the  first 
chapter  that  the  greater  number  of  seedlings  circum- 
nutate  largely  and  rapidly ;  and  as  heliotropism  con- 
sists of  modified  circumnutation,  we  are  tempted  to 
look  at  the  high  development  of  these  two  powers  in 
seedlings  as  intimately  connected.  Whether  there  are 
any  plants  which  circumnutate  slowly  and  to  a  small 
extent,  and  yet  are  highly  heliotropic,  we  do  not 
know ;  but  there  are  several,  and  there  is  nothing 
surprising  in  this  fact,  which  circumnutate  largely  and 
are  not  at  all,  or  only  slightly,  heliotropic.  Of  such 
cases  Drosera  rotundifoUa  ofiers  an  excellent  instance. 
The  stolons  of  the  strawberry  circumnutate  almost 
like  the  stems  of  climbing  plants,  and  they  are  not  at 
all  aficcted  by  a  moderate  light;  but  when  exposed 
late  in  the  summer  to  a  somewhat  brighter  light  they 
were  slightly  heliotropic;  in  sunlight,  according  to 
De  Vries,  they  are  apheliotropic.  Climbing  plants 
circumnutate  much  more  widely  than  any  other  plants, 
yet  they  are  not  at  all  heliotropic. 

Although  the  stems  of  most  seedling  plants  are 
strongly  heliotropic,  some  few  are  but  slightly  helio- 
tropic, without  our  being  able  to  assign  any  reason. 
This  is  the  case  with  the  hypocotyl  of  Cassia  twa,  and 
we  were  struck  with  the  same  fact  with  some  other 
seedlings,  for  instance,  those  of  Reseda  odorata.  With 
respect  to  the  degree  of  sensitiveness  of  the  more 
sensitive  kinds,  it  was  shown  in  the  last  chapter  that 
seedlings  of  several  species,  placed  before  a  north-east 
window  protected  by  several  blinds,  and  exposed  in 
the  rear  to  the  diffused  light  of  the  room,  moved 
with  unerring  certainty  towards  the  window,  although 
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it  was  impossible  to  judge,  excepting  by  the  shadow 
cast  by  an  upright  pencil  on"  a  white  card,  on  which 
side  most  light  entered,  so  that  the  excess  on  one  side 
must  have  been  extremely  small. 

A  pot  with  seedlings  of  Phalaris  CanariensiSy  which 
had  been  raised  in  darkness,  was  placed  in  a  com- 
pletely darkened  room,  at  12  feet  from  a  very  small 
lamp.  After  3  h.  the  cotyledons  were  doubtfully 
curved  towards  the  light,  and  after  7  h.  40  m.  from 
the  first  exposure,  they  were  all  plainly,  though 
slightly,  curved  towards  the  lamp.  Now,  at  this  dis- 
tance of  12  feet,  the  light  was  so  obscure  that  we  could 
not  see  the  seedlings  themselves,  nor  read  the  large 
Boman  figures  on  the  white  face  of  a  watch,  nor  see  a 
pencil  line  on  paper,  but  could  just  distinguish  a  line 
made  with  Indian  ink.  It  is  a  more  surprising  fact 
that  no  visible  shadow  was  cast  by  a  pencil  held 
upright  on  a  white  card;  the  seedlings,  therefore, 
were  acted  on  by  a  diflference  in  the  illumination  of 
their  two  sides,  which  the  human  eye  could  not  dis- 
tinguish. On  another  occasion  even  a  less  degree  of 
light  acted,  for  some  cotyledons  of  Phalaris  became 
slightly  curved  towards  the  same  lamp  at  a  distance 
of  20  feet;  at  this  distance  we  could  not  see  a  cir- 
cular dot  229  mm.  (-09  inch)  in  diameter  made  with 
Indian  ink  on  white  paper,  though  w.e  could  just  see  a 
dot  3*56  mm.  ('14  inch)  in  diameter;  yet  a  dot  of 
the  former  size  appears  large  when  seen  in  the  light.* 

We  next  tried  how  small  a  beam  of  light  would  act  ,• 
us  this  bears  on  light  serving  as  a  guide  to  seedlings 
whilst  they  emerge  through  fissured  or  encumbered 
ground.     A  pot  with  seedlings  of  Phalaris  was  cove-ed 

*  Strasbargcr  bdys  (*  Wirkunp:  HsDmatocoocus  moved  to  a  light 
des  LicbtcB  auf  Schwarmsporen/  which  only  ju8t  sufficed  to  allow 
1878,  p.  52X  that  the  spores  of      middle-Bizod  type  to  be  read. 
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by  a  tin-vessel,  having  on  one  side  a  circular  hole 
1*23  mm.  in  diameter  (i.e.  a  little  less  than  the  -^ih  of 
an  inch) ;  and  the  box  was  placed  in  front  of  a  paraiBn 
lamp  and  on  another  occasion  in  front  of  a  window ; 
and  both  times  the  seedlings  were  manifestly  bent 
after  a  few  hours  towards  the  little  hole. 

A  more  severe  trial  was  now  made ;  little  tubes  of 
very  tliin  glass,  closed  at  their  upper  ends  and  coated 
with  black  varnish,  were  slipped  over  the  cotyledons 
of  Phalaris  (which  had  germinated  in  darkness)  and 
just  fitted  them.  Narrow  stripes  of  the  varnish  had 
been  previously  scraped  off  one  side,  through  which 
alone  light  could  enter ;  and  their  dimensions  were 
afterwards  measured  under  the  microscope.  As  a 
control  experiment,  similar  unvarnished  and  trans- 
parent tubes  were  tried,  and  they  did  not  prevent  the 
cotyledons  bending  towards  the  light.  Two  cotyledons 
were  placed  before  a  south-west  window,  one  of  which 
was  illuminated  by  a  stripe  in  the  varnish,  only  '004 
inch  (0*1  mm.)  in  breadth  and  '016  inch  (0*4  mm.)  in 
length ;  and  the  other  by  a  stripe  '008  inch  in  breadth 
and  '00  inch  in  length.  The  seedlings  were  examined 
after  an  exposure  of  7  h.  40  m.,  and  were  found  to  be 
manifestly  bowed  towards  the  light.  Some  other  coty- 
ledons were  at  the  same  time  treated  similarly,  ex- 
cepting that  the  little  stripes  were  directed  not  to  the 
sky,  but  in  such  a  manner  that  they  received  only  the 
diffused  light  from  the  room  ;  and  these  cotyledons  did 
not  become  at  all  bowed.  Seven  other  cotyledons  were 
illuminated  through  narrow,  but  comparatively  long, 
cleared  stripes  in  the  varnish — namely,  in  breadth 
between  '01  and  '026  inch,  and  in  length  between  '15 
and  '3  inch ;  and  these  all  became  bowed  to  the  side, 
by  which  light  entered  through  the  stripes,  whether 
these  were  directed  towards  the  sky  or  to  one  side  of 
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the  room.  That  light  passing  through  a  hole  only 
004  inch  in  breadth  by  -016  in  length,  should  induce 
currature,  seems  to  us  a  surprising  fact. 

Before  we  knew  how  extremely  sensitive  the  coty- 
ledons of  Phalaris  were  to  light,  we  endeavoured  to 
trace  4heir  circunmutation  in  darkness  by  the  aid  <  f 
a  small  wax  taper,  held  for  a  minute  or  two  at  each 
observation  in  nearly  the  same  position,  a  little  on  the 
left  side  in  front  of  the  vertical  glass  on  which  the 
tracing  was  made.  The  seedlings  were  thus  observed 
seventeen  times  in  the  course  of  the  dav,  at  intervals  of 
from  half  to  three-quarters  of  an  hour ;  and  late  in  the 
evening  we  were  surprised  to  find  that  all  the  29  coty- 
ledons were  greatly  curved  and  pointed  towards  the 
vertical  glass,  a  little  to  the  left  where  the  taper  had 
been  held.  The  tracings  showed  that  they  had  tra- 
velled in  zigzag  lines.  Thus,  an  exposure  to  a  feeble 
light  for  a  very  short  time  at  the  above  specified 
intervals,  sufficed  to  induce  well-marked  heliotropism. 
An  analogous  case  was  observed  with  the  hypocotyls 
of  Sclanum  lycopersieum.  We  at  first  attributed  this 
result  to  the  after-effects  of  the  light  on  each  occasion ; 
but  since  reading  Wiesner's  observations,*  which  will 
be  referred  to  in  the  last  chapter,  we  cannot  doubt  that 
an  intermittent  light  is  more  efficacious  than  a  con- 
tinuous one,  as  plants  are  especially  sensitive  to  any 
contrast  in  its  amount. 

The  cotyledons  of  Phalaris  bend  much  more  slowly 
towards  a  very  obscure  light  than  towards  a  bright 
one.  Thus,  in  the  experiments  with  seedlings  placed 
in  a  dark  room  at  12  feet  from  a  very  small  lamp,  they 
were  just  perceptibly  and  doubtfully  curved  towards  it 
after  3  h.,  and  only  slightly,  yet  certainly,  after  4  h. 

*  '  Sitz.  der  k.  Akad.  dor  Wissenscli.*  (Vicimfi),  Jan.  1880,  p.  12. 
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After  8  h.  40  m,  the  chords  of  their  arcs  were  deflected 
from  the  perpendicular  by  an  average  angle  of  only 
16°.  Had  the  light  been  bright,  they  would  have 
become  much  more  curved  in  between  1  and  2  h. 
Several  trials  were  made  with  seedlings  placed  at 
various  distances  from  a  small  lamp  in  a  dark  room; 
but  we  will  give  only  one  trial.  Six  pots  were  placed 
at  distances  of  2,  4,  8,  12,  16,  and  20  feet  from  the 
lamp,  before  which  they  were  left  for  4  h.  As  light 
decreases  in  a  geometrical  ratio,  the  seedlings  in  the 
2nd  pot  received  jth,  those  in  the  3rd  pot  -xV*li> 
those  in  the  4th  ^V^h,  those  in  the  5th  ^j^^-th,  and  those 
in  the  6th  -r^th  of  the  light  received  by  the  seedlings  in 
the  first  or  nearest  pot.  Therefore  it  might  have  been 
expected  that  there  would  have  been  an  immense  differ- 
ence in  the  degree  of  their  heliotropic  curvature  in  the 
several  pots ;  and  there  was  a  well-marked  difference 
between  those  which  stood  nearest  and  furthest  from 
the  lamp,  but  the  difference  in  each  successive  pair  of 
pots  was  extremely  small.  In  order  to  avoid  prejudice, 
we  asked  three  persons,  who  knew  nothing  about  the 
experiment,  to  arrange  the  pots  in  order  according  to 
the  degree  of  curvature  of  the  cotyledons.  The  first 
person  arranged  them  in  proper  order,  but  doubted 
long  between  the  12  feet  and  16  feet  pots ;  yet  these 
two  received  light  in  the  proportion  of  36  to  64.  The 
second  person  also  arranged  them  properly,  but 
doubted  between  the  8  feet  and  12  feet  pots,  which 
received  light  in  the  proportion  of  16  to  36.  The 
third  person  arranged  them  in  wTong  order,  and 
doubted  about  four  of  the  pots.  This  evidence  shows 
conslusively  how  little  the  curvature  of  the  seedlings 
differed  in  the  successive  pots,  in  comparison  with  the 
great  difference  in  the  amount  of  light  which  they 
received ;  and  it  should  be  noted  that  there  was  no 
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excess  of  snperfluons  light,  for  the  cotrleilons  became 
but  little  and  slowly  curred  even  in  the  nearest  pot. 
Close  to  the  6th  pot,  at  the  distance  of  20  feet  from 
the  lamp,  the  light  allowed  ns  jost  to  distinguish 
a  dot  3'56  mm.  (*14  inch)  in  diameter,  made  with 
Indian  ink  on  white  paper,  bnt  not  a  dot  2*29  mm. 
(•09  inch)  in  diameter. 

The  degree  of  cnrvatnre  of  the  cotyledons  of  Phalaria 
within  a  given  time,  depends  not  merely  on  the 
amount  of  lateral  light  which  they  may  then  receive, 
but  on  that  which  they  have  previously  received  from 
above  and  on  all  sides.  Analogous  facts  have  been 
given  with  respect  to  the  nyctitropic  and  periodic 
movements  of  plants.  Of  two  pots  containing  seedlings 
of  Phalaris  which  had  germinated  in  darkness,  one  was 
still  kept  in  the  dark,  and  the  other  was  exposed  (Sept. 
26th)  to  the  light  in  a  greenhouse  during^  a  cloudy  day 
and  on  the  following  bright  morning.  On  this  morn- 
ing (27th),  at  10.30  A.M.,  both  pots  were  placed  in  a 
box,  blackened  within  and  open  in  front,  before  a 
north-east  window,  protected  by  a  linen  and  muslin 
blind  and  by  a  towel,  so  that  but  little  light  was 
admitted,  though  the  sky  was  bright.  Whenever  the 
pots  were  looked  at,  this  was  done  as  quickly  as  pos- 
sible, and  the  cotyledons  were  then  held  transversely 
with  respect  to  the  light,  so  that  their  curvature  could 
not  have  been  thus  increased  or  diminished.  After 
50  m.  the  seedlings  which  had  previously  been  kept 
in  darkness,  were  perhaps,  and  after  70  m.  were  cer- 
tainly, curved,  though  very  slightly,  towards  tbt 
window.  After  85  m.  some  of  the  seedlings,  which 
had  previously  been  illuminated,  were  perhaps  a  little 
affected,  and  after  100  m.  some  of  the  younger  ones 
were  certainly  a  little  curved  towards  the  light.  At 
this  time  (i.e.  after  100  m.)  there  was  a  plain  difference 
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in  the  curvature  of  the  seedlings  in  the  two  pots. 
After  2  h.  12  m.  the  chords  of  the  arcs  of  four  of 
the  most  strongly  curved  seedlings  in  each  pot  were 
measured,  and  the  mean  angle  from  the  perpendicular 
of  those  which  had  previously  been  kept  in  darkness 
wiis  19",  and  of  those  which  had  previously  been  illu- 
minated only  7°.  Nor  did  this  difference  diminish 
during  two  additional  hours.  As  a  check,  the  seed- 
lings in  both  pots  were  then  placed  in  complete  dark- 
ness for  two  hours,  in  order  that  apogeotropism  shoidd 
act  on  them ;  and  those  in  the  one  pot  which  were 
little  curved  became  in  this  time  almost  completely 
upright,  whilst  the  more  curved  ones  in  the  other  pot 
still  remained  plainly  curved. 

Two  days  afterwards  the  experiment  was  repeated, 
with  the  sole  difference  that  even  less  light  was 
admitted  through  the  window,  as  it  was  protected  by  a 
linen  and  muslin  blind  and  by  two  towels ;  the  sky, 
moreover,  was  somewhat  less  bright.  The  result  was 
the  same  as  before,  excepting  that  everything  occurred 
rather  slower.  The  seedlings  which  had  been  pre- 
viously kept  in  darkness  were  not  in  the  least  curved 
after  54  m.,  but  were  so  after  70  m.  Those  which  had 
previously  been  illuminated  were  not  at  all  affected 
until  130  m.  had  elapsed,  and  then  only  slightly. 
After  145  m.  some  of  the  seedlings  in  this  latter  pot 
were  eertiiinly  curved  towards  the  light;  and  there 
was  now  a  plain  difference  between  the  two  pots.  After 
3  h.  45  m.  the  chords  of  the  arcs  of  3  seedlings  in 
each  pot  were  measured,  and  the  mean  angle  from  the 
perpendicular  was  16^  for  those  in  the  pot  which  had 
previously  been  kept  in  darkness,  and  only  5°  for 
those  which  had  previously  been  illuminated. 

The  curvature  of  the  cotyledons  of  Phalaris  towards 
a  lateral  light  is  therefore  certainly  influenced  by  the 
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degree  to  which  they  have  been  previously  illu- 
minated. We  shall  presently  see  that  the  influence 
of  light  on  their  bending  continues  for  a  short  time 
after  the  light  has  been  extinguished.  These  facts,  as 
well  as  that  of  the  curvature  not  increasing  or  de- 
creasing in  nearly  the  same  ratio  with  that  of  the 
amount  of  light  which  they  receive,  as  shown  in  the 
trials  with  the  plants  before  the  lamp,  all  indicate 
that  light  acts  on  them  as  a  stimulus,  in  somewhat 
the  same  manner  as  on  the  nervous  system  of  animals, 
and  not  in  a  direct  manner  on  the  cells  or  cell- walls 
which  by  their  contraction  or  expansion  cause  the 
curvature. 

It  has  already  been  incidentally  shown  how  slowly 
the  cotyledons  of  Phalaris  bend  towards  a  very  dim 
light ;  but  when  they  were  placed  before  a  bright 
paraffin  lamp  their  tips  were  all  curved  rectangularly 
towards  it  in  2  h.  20  m.  The  hypocotyls  of  Solanum 
lycapersicum  had  bent  in  the  morning  at  right  angles 
towards  a  north-east  window.  At  1  p.m.  (Oct.  21st)  the 
pot  was  turned  round,  so  that  the  seedlings  now  pointed 
from  the  light,  but  by  5  p.m.  they  had  reversed  their 
curvature  and  again  pointed  to  the  light.  They  had 
thus  passed  through  180°  in  4  h.,  having  in  the 
morning  previously  passed  through  about  90°.  But  the 
reversal  of  the  first  half  of  the  curvature  will  have 
been  aided  by  apogeotropism.  Similar  cases  were 
observed^  with  other  seedlings,  for  instance,  with  those 
of  Sinapis  alba. 

We  attempted  to  ascertain  in  how  short  a  time 
light  acted  on  the  cotyledons  of  Phalaris,  but  this 
was  difficult  on  account  of  their  rapid  circumnutating 
movement ;  moreover,  they  diflfer  much  in  sensibility, 
according  to  age ;  nevertheless,  some  of  our  observa- 
tions are  worth  giving.      Pots   with  seedlings  we'<» 
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placed  under  a  microscope  provided  with  an  eye-piece 
micrometer,  of  which  each  division  equalled  t\^^  of  an 
inch  (0*051  mm.) ;  and  they  were  at  first  illuminated 
by  light  from  a  paraffin  lamp  passing  through  a  solu- 
tion of  bichromate  of  potassium,  which  does  not  induce 
heliotropism.  Thus  the  direction  in  which  the  coty- 
ledons were  circumnutating  could  be  observed  inde- 
pendently of  any  action  from  the  light ;  and  they  could 
be  made,  by  turning  round  the  pots,  to  circumnutate 
transversely  to  the  line  in  which  the  light  would  strike 
them,  as  soon  as  the  solution  was  removed.  The  fact 
that  the  direction  of  the  circumnutating  movement 
might  change  at  any  moment,  and  thus  the  plant 
might  bend  either  towards  or  from  the  lamp  indepen- 
dently  of  the  action  of  the  light,  gave  an  element  of 
uncertainty  to  the  results.  After  the  solution  had 
been  removed,  five  seedlings  which  were  circumnutat- 
ing transversely  to  the  line  of  light,  began  to  move 
towards  it,  in  6,  4,  7i,  6,  and  9  minutes.  In  one  of 
these  cases,  the  apex  of  the  cotyledon  crossed  five 
of  the  divisions  of  the  micrometer  (i.e.  y^th  of  an 
inch,  or  0*254  mm.)  towards  the  light  in  3  m.  Of  two 
seedlings  which  were  moving  directly  from  the  light  at 
the  time  when  the  solution  was  removed,  one  began  to 
move  towards  it  in  13  m.,  and  the  other  in  15  m. 
Tliis  latter  seedling  was  observed  for  more  than  an 
hour  and  continued  to  move  towards  the  light;  it 
crossed  at  one  time  5  divisions  of  the  micrometer 
(0*254  mm.)  in  2  m.  30  s.  In  all  these  cases,  the 
movement  towards  the  light  was  extremely  unequal  in 
rate,  and  the  cotyledons  often  remained  almost  sta- 
tionary for  some  minutes,  and  two  of  them  retrograded 
a  little.  Another  seedling  which  was  circumnutating 
transversely  to  the  line  of  light,  moved  towards  it  in 
4  m.  after  the  solution  was  removed ;  it  then  remained 
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almost  stationary  for  10  m. ;  then  crossed  5  divisions 
of  the  micrometer  in  6  m.;  and  then  8  divisions  in 
11  m.  This  unequal  rate  of  movement,  interrupted 
by  pauses,  and  at  first  with  occasional  retrogressions, 
accords  well  with  our  conclusion  that  heliotropism 
consists  of  modified  circumnutation. 

In  order  to  observe  how  long  the  after-efiects  of 
light  lasted,  a  pot  with  seedlings  of  Phalaris,  which 
had  germinated  in  darkness,  was  placed  at  10.40  a.m. 
before  a  north-east  window,  being  protected  on  all 
other  sides  from  the  light;  and  the  movement  of  a 
cotyledon  was  traced  on  a  horizontal  glass.  It  cir- 
cumnutated  about  the  same  space  for  the  first  24  m., 
and  during  the  next  1  h.  33  m.  moved  rapidly  towards 
the  light.  The  light  was  now  (i.e.  after  1  h.  57  m.) 
completely  excluded,  but  the  cotyledon  continued 
bending  in  the  same  direction  as  before,  certainly  for 
more  than  15  m.,  probably  for  about  27  m.  The  doubt 
arose  from  the  necessity  of  not  looking  at  the  seed- 
lings often,  and  thus  exposing  them,  though  momen- 
tarily, to  the  light.  This  same  seedling  was  now  kept 
in  the  dark,  until  2.18  p.m.,  by  which  time  it  had 
reacquired  through  apogeotropism  its  original  upright 
position,  when  it  was  again  exposed  to  the  light  from 
a  clouded  sky.  By  3  p.m.  it  had  moved  a  very  short 
distance  towards  the  light,  but  during  the  next  45  m. 
travelled  quickly  towards  it.  After  this  exposure  of 
1  h.  27  m.  to  a  rather  dull  sky,  the  light  was  again 
completely  excluded,  but  the  cotyledon  continued  to 
bend  in  the  same  direction  as  before  for  14  m.  within 
a  very  small  limit  of  error.  It  was  then  placed  in 
the  dark,  and  it  now  moved  backwards,  so  that  after 
1  h.  7  m.  it  stood  close  to  where  it  had  started  from  at 
2.18  P.M.  These  observations  show  that  the  coty- 
ledons of  Phalaris,  after  being  exposed  to  a  lateral 
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light,  continue  to  bend  in  the  same  direction  for 
between  a  quarter  and  half  an  hour. 

In  the  two  experiments  just  given,  the  cotyledons 
moved  backwards  or  from  the  window  shortly  after 
being  subjected  to  darkness;  and  whilst  tracing  the 
circumnutation  of  various  kinds  of  seedlings  exposed 
to  a  lateral  light,  we  repeatedly  observed  that  late  in 
the  evening,  as  the  light  waned,  they  moved  from  it. 
This  fact  is  shown  in  some  of  the  diagrams  given  in 
the  last  chapter.  We  wished  therefore  to  learn  whether 
this  was  wholly  due  to  apogeotropism,  or  whether  an 
organ  after  bending  towards  the  light  tended  from 
any  other  cause  to  bend  from  it,  as  soon  as  the  light 
failed.  Accordingly,  two  pots  of  seedling  Phalaris 
and  one  pot  of  seedling  Brassica  were  exposed  for  8  h. 
before  a  paraffin  lamp,  by  which  time  the  cotyledons 
of  the  former  and  the  hypocotyls  of  the  latter  were  bent 
rectangularly  towards  the  light.  The  pots  were  now 
quickly  laid  horizontally,  so  that  the  upper  parts  of 
the  cotyledons  and  of  the  hypocotyls  of  9  seedlings 
projected  vertically  upwards,  as  proved  by  a  plumb-line. 
In  this  position  they  could  not  be  acted  on  by  apo- 
geotropism, and  if  they  possessed  any  tendency  to 
straighten  themselves  or  to  bend  in  opposition  to  their 
former  heliotropic  curvature,  this  would  be  exhibited, 
for  it  would  be  opposed  at  first  very  slightly  by  apogeo- 
tropism. They  were  kept  in  the  dark  for  4  h.,  during 
which  time  they  were  twice  looked  at ;  but  no  uniform 
bending  in  opposition  to  their  former  heliotropic 
curvature  could  be  detected.  We  have  said  uniform 
bending,  because  they  circumnutated  in  their  new 
position,  and  after  2  h.  were  inclined  in  different 
directions  (between  4°  and  11°)  from  the  perpendicular. 
Their  directions  were  also  changed  after  two  additional 
hours,  and  again  on  the  following  morning.     We  may 
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therefore  conclude  that  the  bendisg  back  of  plants 
from  a  light,  when  this  becomes  obscure  or  is  extin- 
guishedy  is  wholly  due  to  apogeotropism.* 

In  our  various  experiments  we  were  often  struck 
with  the  accuracy  with  which  seedlings  pointed  to  a 
light  although  of  small  size.  To  test  this,  many  seed- 
lings of  Phalaris,  which  had  germinated  in  darkness  in 
a  very  narrow  box  several  feet  in  length,  were  placed 
in  a  darkened  room  near  to  and  in  front  of  a  lamp 
having  a  small  cylindrical  wick.  The  cotyledons  at 
the  two  ends  and  in  the  central  part  of  the  box,  would 
therefore  have  to  bend  in  widely  different  directions 
in  order  to  point  to  the  light.  After  they  had  become 
rectangularly  bent,  a  long  white  thread  was  stretched 
by  two  persons,  close  over  and  parallel,  first  to  one  and 
then  to  another  cotyledon ;  and  the  thread  was  found 
in  almost  every  case  actually  to  intersect  the  small 
circular  wick  of  the  now  extinguished  lamp.  The 
deviation  from  accuracy  never  exceeded,  as  far  as  we 
could  judge,  a  degree  or  two.  This  extreme  accuracy 
seems  at  first  surprising,  but  is  not  really  so,  for  an 
upright  cylindrical  stem,  whatever  its  position  may 
be  with  respect  to  the  light,  would  have  exactly  hall" 
its  circumference  illuminated  and  half  in  shadow ;  and 
as  the  difference  in  illumination  of  the  two  sides  is 
the  exciting  cause  of  heliotropism,  a  cylinder  would 
naturally  bend  with  much  accuracy  towards  the  light. 
The  cotyledons,  however,  cf  Phalaris  are  not  cylin- 
drical, but  oval  in  section ;  and  the  longer  axis  was 
to  the  shorter  axis  (in  the  one  which  was  measured) 
as  100  to  70.      Nevertheless,  no  difference  could  be 


*  It  appears  frr>in  a  reference  heliotropicaUy  is  at  the  snmo  time 

in  Wiesner   (*  Die    Uudulirende  striving,  tlirough   ajwgeotrojism. 

Nutation  der  Inti-rnodicn/  p.  7),  to  raise  itself  into  a  vertical  posi- 

that  H.  MiiUer  of  Thurgau  found  lion, 
that  a  stem   which   is   bending 
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detected  in  the  accuracy  of  their  bending,  whether 
they  stood  with  their  broad  or  narrow  sides  facing 
the  light,  or  in  any  intermediate  position ;  and  so  it 
was  with  the  cotyledons  oi  Avena  sativa,  which  are 
likewise  oval  in  section.  Now,  a  little  reflection  will 
show  that  in  whatever  position  the  cotyledons  may 
stand,  there  will  be  a  line  of  greatest  illumination, 
exactly  fronting  the  light,  and  on  each  side  of  this 
line  an  equal  amount  of  light  will  be  received ;  but 
if  the  oval  stands  obliquely  with  respect  to  the  light, 
this  will  be  diffused  over  a  wider  surface  on  one  side 
of  the  central  line  than  on  the  other.  We  may  there- 
fore infer  that  the  same  amount  of  light,  whether 
diffused  over  a  wider  surface  or  concentrated  on  a 
smaller  surface,  produces  exactly  the  same  effect ;  for 
the  cotyledons  in  the  long  narrow  box  stood  in  all 
sorts  of  positions  with  reference  to  the  light,  yet  all 
pointed  truly  towards  it. 

That  the  bending  of  the  cotyledons  to  the  light 
depends  on  the  illumination  of  one  whole  side  or  on 
tlie  obscuration  of  the  whole  opposite  side,  and  not  on 
a  narrow  longitudinal  zone  in  the  line  of  the  light 
being  affected,  was  shown  by  the  effects  of  painting 
longitudinally  with  Indian  ink  one  side  of  five  coty- 
ledons of  Phalaris.  These  were  then  placed  on  a  table 
near  to  a  south-west  window,  and  the  painted  half  was 
directed  either  to  the  right  or  left.  The  result  was  that 
instead  of  bending  in  a  direct  line  towards  the  window, 
they  were  deflected  from  the  window  and  towards  the 
unpainted  side,  by  the  following  angles,  35**,  83'',  31**, 
43^  and  39°.  It  sliould  be  remarked  that  it  was  hardly 
possible  to  paint  one-half  accurately,  or  to  place  all 
the  seedlings  which  are  oval  in  section  in  quite  the 
same  position  relatively  to  the  light;  and  this  will 
account  for  the  differences  in  the  angles. .  Five  coty- 
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ledons  of  Avena  were  also  painted  in  the  same  manner, 
but  with  greater  care;  and  they  were  laterally  de- 
flected from  the  line  of  the  window,  towards  the 
unpainted  side,  by  the  following  angles,  44°,  44°,  55", 
51°,  and  57°.  This  deflection  of  the  cotyledons  from 
the  window  is  intelligible,  for  the  whole  unpainted 
side  must  have  received  some  light,  whereas  the  oppo- 
site and  painted  side  received  none ;  but  a  narrow 
zone  on  the  unpainted  side  directly  in  front  of  the 
window  will  have  received  most  light,  and  all  the 
hinder  parts  (half  an  oval  in  section)  less  and  less  light 
in  varying  degrees;  and  we  may  conclude  that  the 
angle  of  deflection  is  the  resultant  of  the  action  of  the 
light  over  the  whole  of  the  unpainted  side. 

It  should  have  been  premised  that  painting  with 
Indian  ink  does  not  injure  plants,  at  least  within 
several  hours ;  and  it  could  injure  them  only  by  stop- 
ping respiration.  To  ascertain  whether  injury  was  thus 
soon  caused,  the  upper  halves  of  8  cotyledons  of  Avena 
were  thickly  coated  with  transparent  matter, — 4  with 
gum,  and  4  .with  gelatine ;  they  were  placed  in  the 
morning  before  a  window,  and  by  the  evening  they 
were  normally  bowed  towards  the  light,  although  the 
coatings  now  consisted  of  dry  crusts  of  gum  and 
gelatme.  Moreover,  if  the  seedlings  which  were  painted 
longitudinally  with  Indian  ink  had  been  injured  on 
the  painted  side,  the  opposite  side  would  have  gone 
on  growing,  and  they  would  consequently  have  become 
bowed  towards  the  painted  side ;  whereas  the  curvature 
was  always,  as  we  have  seen,  in  the  opposite  direction, 
or  towards  the  unpainted  side  which  was  exposed  to 
the  light.  We  witnessed  the  eflects  of  injuring  longi- 
tudinally one  side  of  the  cotyledons  of  Avena  and 
Phalaris ;  for  before  we  knew  that  grease  was  highly 
injurious  to  them,  several  were  painted  down  one  side 
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with  a  mixture  of  oil  and  lamp-black,  and  were  then 
exposed  before  a  window ;  others  similarly  treated  were 
afterwards  tried  in  darkness.  These  cotyledons  soon 
became  plainly  bowed  towards  the  blackened  side, 
evidently  owing  to  the  grease  on  this  side  having 
checked  their  growth,  whilst  growth  continued  on  the 
opposite  side.  But  it  deserves  notice  that  the  curva- 
ture diflfered  from  that  caused  by  light,  which  ulti- 
mately becomes  abrupt  near  the  ground.  These 
seedlings  did  not  afterwards  die,  but  were  much  injured 
and  grew  badly. 

Localised  Sensitiveness  to  Light,  and  its 
transmitted  effects. 

Phalaris  Canariensis, — Whilst  observing  the  accu- 
racy with  which  the  cotyledons  of  this  plant  became 
bent  towards  the  light  of  a  small  lamp,  we  were 
impressed  with  the  idea  that  the  uppermost  part  deter- 
mined the  direction  of  the  curvature  of  the  lower  part 
When  the  cotyledons  are  exposed  to  a  lateral  light, 
the  upper  part  bends  first,  and  afterwards  the  bending 
gradually  extends  down  to  the  base,  and,  as  we  shall 
I)resently  see,  even  a  little  beneath  the  ground. 
This  holds  good  with  cotyledons  from  less  than 
•1  inch  (one  was  observed  to  act  in  this  manner  which 
was  only  '03  in  height)  to  about  '5  of  an  inch  in 
height ;  but  when  they  have  grown  to  nearly  an  inch 
in  height,  the  basal  part,  for  a  length  of  '15  to  '2  of 
an  inch  above  the  ground,  ceases  to  bend.  .As  with 
young  cotyledons  the  lower  part  goes  on  bending, 
after  the  upper  part  has  become  well  arched  towards 
a  lateral  light,  the  apex  would  ultimately  point  to 
the  ground  instead  of  to  the  light,  did  not  the  upper 
part   reverse   its  curvature   and  straighten   itself,  as 


Cbap.  DL       TRAXSXnTED  EFFECTS  OF  UGIIT.        4fi9 

■oon  as  the  upper  oiiiTex  Fziisce  of  the  bowed- 
down  portion  receiTc*!  m-r-re  light  tL^n  the  lower 
concare  snr&oe.  The  position  nidmatelj  assomed  bj 
young  and  upright  cotyledons,  exposed  to  light  enter- 
ing obliquely  from  above  thr>:>u?h  a  window,  is  shown 
in  the  accompanying  fizuie  <Fig.  181):  and  here  it 
may  be  seen  that  the  whole  upper  part  has  become 
very  nearly  straight.  AMien  the  cotyledons  were 
exposed  before  a  bright  lamp,  standing  on  the  same 
level  with  them,  the  upper  part,  which  was  at  first 

ri5.  !§:. 


Pkalaris  Gxaaritiuis  :  ootj'.eivns  &:ter  exp^ccre  .a  a  box  ofiC-D  on  one  &iic 
IB  front  of  a*c>atfa-Te»t  vioi^v  during  e  &.  CarT»;arc  towards  the 
light  nocnrateJj  trace  1.  Tne  *hvrt  kwnz.DUu  liae*  hhow  the  lerel  ol 
the  groond. 

greatly  arched  towards  the  light,  became  straight  and 
strictly  parallel  with  the  surfetce  of  the  soil  in  the 
pots;  the  basal  part  being  now  rectangularly  bent. 
All  this  great  amount  of  curvature,  together  with  the 
subsequent  straightening  of  the  upper  part,  was  often 
effected  in  a  few  hours. 

After  the  nppennoet  part  has  become  bowed  a  little  to  tho 
light,  its  overhaDging  weight  must  tend  to  increase  the  curva- 
ture of  the  lower  part;  but  any  such  eflfect  was  shown  in  several 
ways  to  be  quite  insignificant.  When  little  caps  of  tin-foil 
(hereafter  to  be  describwi)  were  placed  on  the  summits  of  tho 
cotyledons,  though  this  must  have  added  considerably  to  their 
weight,  the  rate  or  amount  of  bending  was  not  thus  increased. 
But  the  best  evidence  was  afforded  by  placing  pots  with  seedlings 
of  Phalaris  before  a  lamp  in  such  a  position,  that  the  cotyledons 
were  horizontally  extended  and  projected  at  right  angles  to  tho 
line  of  light .  In  the  course  of  5i  h.  they  were  directed  towards 
tlio  light  with  their  bases  bent  at  right  angles ;  ar  i  this  abrupt 
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curvature  could  not  have  been  aided  in  the  least  by  the  weight 
of  the  upper  part,  which  acted  at  right  angles  to  the  plane  of 
curvature. 

It  will  be  shown  that  when  the  upper  halves  of  the  coty- 
ledons of  Fhalaris  and  Avena  were  enclosed  in  little  pipes  of 
tin-foil  or  of  blackened  glass,  in  which  case  the  upper  part  was 
mechanically  prevented  from  bending,  the  lower  and  unenclosed 
part  did  not  bend  when  exposed  to  a  lateral  light;  and  it 
occurred  to  us  that  this  fact  might  be  due,  not  to  the  exclusion 
of  the  light  from  the  upper  part,  but  to  some  necessity  of  the 
bending  gradually  travelling  down  the  cotyledons,  so  that 
unless  the  upper  part  first  became  bent,  the  lower  could  not 
l)end,  however  much  it  might  be  stimulated.  It  was  necessary 
for  our  purpose  to  ascertain  whether  this  notion  was  true,  and  it 
was  proved  false ;  for  the  lower  halves  of  several  cotyledons 
became  bowed  to  the  hght,  although  their  upper  halves  were 
enclosed  in  little  glass  tubes  (not  blackened),  which  preyented, 
as  far  as  we  could  judge,  their  bending.  Nevertheless,  as  the 
part  within  the  tube  might  xx>ssibly  bend  a  very  little,  fine  rigid 
rods  or  flat  splinters  of  thin  glass  were  cemented  with  shellac  to 
one  side  of  the  upper  part  of  15  cotyledons ;  and  in  six  cases 
they  were  in  addition  tied  on  with  threads.  They  were  thus 
forced  to  remain  quite  straight  The  result  was  that  the  lower 
halves  of  all  became  bowed  to  the  light,  but  generally  not  in  so 
great  a  degree  as  the  corresponding  part  of  the  free  seedlings 
in  the  same  pots ;  and  this  may  perhaps  be  accounted  for  by 
some  tlight  degree  of  injury  having  been  caused  by  a  consider- 
able surface  having  been  smeared  with  shellac.  It  may  be 
added,  that  when  the  cotyledons  of  Fhalaris  and  Avena  are 
acted  on  by  apogeotropism,  it  is  the  upper  part  which  begins 
first  to  bend;  and  when  this  part  was  rendered  rigid  in  the 
manner  just  described,  the  upward  curvature  of  the  basal  part 
was  not  thus  prevented. 

To  test  our  belief  that  the  upper  part  of  the  cotyledons  of 
Fhalaris,  when  exposed  to  a  lateral  light,  regulates  the  bending 
of  the  lower  part,  many  experiments  were  tried ;  but  most  of  our 
fii-st  attempts  proved  useless  from  various  causes  not  worth 
specifying.  Seven  cotyledons  had  their  tips  cut  off  for  lengths 
varying  between  -1  and  '16  of  an  inch,  and  these,  when  left 
exposed  all  day  to  a  lateral  light,  remained  upright  In  another 
set  of  7  cotyledons,  the  tips  were  cut  off  for  a  length  of  only 
about  '05  of  an  inch  (I  27  mm.)  and  these  became  bowed  towards 
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a  lateral  light,  but  not  nearly  so  much  as  the  many  other  seed- 
lings in  the  same  pots.  This  latter  case  shows  that  cutting  off 
the  tips  does  not  by  itself  injure  the  plants  so  seriously  as  to 
prevent  hehotropism;  but  we  thought  at  the  time,  that  such 
injury  might  follow  when  a  greater  length  was  cut  off,  as  in  the 
first  set  of  experiments.  Therefore,  no  more  trials  of  this  kind 
were  made,  which  we  now  regret ;  as  we  afterwards  found  that 
Krhen  the  tips  of  three  cotyledons  were  cut  off  lor  a  length  of 
2  inch,  and  of  four  others  for  lengths  of  -14,  -12,  *!,  and  '07 
inch,  and  they  were  extended  horizontally,  the  amputation  did 
not  interfere  in  the  least  with  their  binding  vertically  upwards, 
through  the  action  ol  apogeotropism,  like  unmutilated  speci- 
mens. It  is  therefore  extremely  improbable  that  the  amputation 
of  the  tips  for  lengths  of  from  1  to  -ll  inch,  could  from  the 
injury  thus  caused  have  prevented  the  lower  part  from  l)ending 
towards  the  light. 

We  next  tried  the  effects  of  covering  the  upper  part  of  the 
cotyledons  of  Phalaris  with  little  caps  which  were  impenueable 
to  light ;  the  whole  lower  part  being  left  fully  exposed  before  a 
south-west  window  or  a  bright  paraflSn  lamp.  Some  of  the  cai^s 
were  made  of  extremely  thin  tin-foil  blackenecl  within;  these 
had  the  disadvantage  of  occasionally,  though  rarely,  being  too 
heavy,  especially  when  twice  folded.  The  basal  edges  could  be 
pressed  into  close  contact  with  the  cotvledons  ;  though  this 
again  required  care  to  prevent  injuring  them.  Nevertheless, 
any  injury  thus  caused  could  Ix;  detected  by  removing  the  caps, 
and  trying  whether  the  cotyledons  were  then  sensitive  to  light. 
Other  caps  were  made  of  tul>es  of  the  thinnest  glass,  which 
when  painted  black  served  well,  with  the  one  great  disadvantage 
that  the  lower  ends  could  not  be  closed.  But  tulxjs  were  used 
which  fitted  the  cotyledons  almost  closely,  and  black  paper  was 
placed  on  the  soil  round  each,  to  check  the  upward  reflection  of 
light  from  the  soil.  Such  tul>es  were  in  one  respect  far  l)etter 
than  caps  of  tin-foil,  as  it  was  possible  to  cover  at  the  siime 
time  some  cotyledons  with  transparent  and  others  with  opaque 
tubes ;  and  thus  our  experiments  could  be  controlled.  It  should 
be  kept  in  mind  that  young  cotyledons  were  selected  for  trial, 
and  that  these  when  not  interfered  with  become  bowed  down 
to  the  ground  towards  the  light. 

We  will  l)egin  with  the  glass-tubes.  The  summits  of  nine 
cotyledons,  differing  somewhat  in  height,  were  enclosed  for 
rather  less  than  half  their  lengths  in  uncoloured  or  transparent 
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tubes ;  and  these  were  then  exposed  l»efore  a  south-west  window 
on  a  bright  day  for  8  h.  All  of  them  became  strongly  curved 
towards  the  light,  in  the  same  degree  as  the  many  other  free 
seedlings  in  the  same  pots ;  so  that  the  glass-tubes  certainly  did 
not  prevent  the  cotyledons  from  bending  towards  the  light. 
Nineteen  other  cotyledons  were,  at  the  same  time,  similarly 
enclosed  in  tubes  thickly  painted  with  Indian  ink.  On  five  of 
them,  the  paint,  to  our  surprise,  contracted  after  exposure 
to  the  sunlight,  and  very  narrow  cracks  were  formed,  through 
which  a  little  light  entered ;  and  these  five  cases  were  rejected. 
Of  the  remaining  14  cotyledons,  the  lower  halves  of  which  hati 
been  fully  exposed  to  the  light  lor  the  whole  time,  7  continued 
quite  straight  and  upright ;  1  was  considerably  bowed  to  the 
light,  and  6  were  slightly  bowed,  but  with  the  exposed  bases  of 
most  of  them  almost  or  quite  straight.  It  is  possible  that  some 
light  may  have  been  reflected  upwards  from  the  soil  and  entered 
the  bases  of  these  7  tubes,  as  the  sun  shone  brightly,  though 
bits  of  blackened  paper  had  been  placed  on  the  soil  round 
them.  Nevertheless,  the  7  cotyledons  which  wore  slightly 
bowed,  together  with  the  7  upright  ones,  presented  a  most  re- 
markable contrast  in  appearance  with  the  many  other  seedlings 
in  the  same  pots  to  which  nothing  had  been  done.  The 
blackened  tubes  were  then  removed  from  10  of  these  seedlings, 
and  they  were  now  exposed  before  a  lamp  for  8  h. :  9  of  them 
became  greatly,  and  1  moderately,  curved  towards  the  light, 
proving  that  the  previous  absence  of  any  curvature  in  iho 
basal  part,  or  the  presence  of  only  a  slight  degree  of  curvature 
there,  was  due  to  the  exclusion  of  light  from  the  upper  part. 

Similar  observations  were  made  on  12  younger  cotyledons 
with  their  upper  halves  enclosed  within  glass-tubes  coated  with 
black  varnish,  and  with  their  lower  halves  fully  exposed  to 
bright  sunshine.  In  these  younger  seedlings  the  sensitive  zone 
seems  to  extend  rather  lower  down,  as  was  observed  on  some 
other  occasions,  for  two  became  almost  as  much  curved  towards 
the  light  as  the  free  seedlings;  and  the  remaining  ten  were 
slightly  curved,  although  the  basal  part  of  several  of  them, 
which  normally  becomes  more  curved  than  any  other  part, 
exhibited  hardly  a  trace  of  curvature.  These  12  seedlings 
taken  together  differed  greatly  in  their  degree  of  curvature  from 
all  the  many  other  seedlings  in  the  same  i>ots. 

Better  evidence  of  the  eflBciency  of  the  blackened  tubes  was 
incidentally  affoixled  by  some  experiments  hereafter  to  be  given. 
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in  which  the  tipper  halves  of  14  cotyledons  were  enclosed  ic 
tubes  from  which  an  extremely  narrow  stripe  of  the  black 
varnish  had  been  scraped  off.  These  cleared  stripes  were 
not  directed  towards  the  window,  but  obliquely  to  one  side 
of  the  room,  so  that  only  a  very  little  light  could  act  on  the 
upper  halves  of  the  cotyledons.  Tlicse  14  seedlings  remained 
during  eight  hours  of  exposure  before  a  south-west  window  on 
a  hazy  day  quite  upright;  whereas  all  the  other  many  free 
seedlings  in  the  same  pots  lM?came  greatly  bowed  towards  the 
light. 

We  will  now  turn  to  the  trials  wit'j  caps  made  of  very  thin 
tin-foil.  These  were  placed  at  different  times  on  the  summits  of 
24  cotyledons,  and  they  extended  down  for  a  length  of  between 
*15  and  2  of  an  inch.  The  seedlings  were  exposed  to  a  lateral 
light  for  periods  varying  between  6  h.  80  m.  and  7  h.  45  m., 
which  sufficed  to  cause  ail  the  other  seedlings  in  the  same  pots 
to  become  almost  rectangularly  bent  towards  the  light.  They 
varied  in  height  from  only  '04  to  1*15  inch,  but  the  greater 
number  were  about  '75  inch.  Of  the  24  cotyledons  with  their 
summits  thus  protected,  3  became  much  bent,  but  not  in  the 
direction  of  the  light,  and  as  they  did  not  straighten  themselves 
tlirough  apogeotropism  during  the  following  night,  either  the 
caps  were  too  heavy  or  the  plants  themi^elves  were  in  a  weak 
condition;  and  these  three  cases  may  be  excluded.  There 
are  left  for  consideration  21  cotyledons ;  of  these  17  remained 
all  the  time  quite  upright ;  the  other  4  became  shghtly  inclined 
to  the  light,  but  not  in  a  degree  comparable  with  that  of  the 
many  free  seedlings  in  the  same  pots.  As  the  glass-tubes,  when 
unpainted,  did  not  prevent  the  cotyledons  from  becominp^ 
greatly  bowed,  it  cannot  be  supposed  that  the  cai>8  o**  very 
tliin  tin- foil  did  so,  except  through  the  exclusion  of  the  light. 
To  prove  that  the  plants  had  not  been  injured,  the  caps  were 
removed  from  6  of  the  upright  seedlings,  and  these  were  exposed 
before  a  paraffin  lamp  for  the  same  length  of  time  as  before 
and  they  now  all  became  greatly  curved  towards  the  light. 

As  caps  l)etween  '15  and  '2  of  an  inch  in  depth  were  thus 
proved  to  be  highly  efficient  in  preventing  the  cotyledons  from 
bending  towards  the  light,  8  other  cotyledons  were  protected 
with  caps  between  only  06  and  '12  in  depth.  Of  these,  two 
remained  vertical,  one  was  considerably  and  five  slightly  curved 
towards  the  light,  but  far  less  so  than  the  free  seedlings  in  the 
same  pots. 
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Another  trial  was  made  in  a  different  manner,  namely,  hy 
bandaging  with  strips  of  tin-foil,  about  '2  in  breadth,  the  upper 
part,  but  not  the  actual  summit,  of  eight  moderately  young 
seedlings  a  little  over  half  an  inch  in  height  Tlio  summits  and 
the  basal  parts  were  thus  left  fully  exposed  to  a  lateral  light 
during  8  h.;  an  upper  intermediate  zone  being  protected. 
With  four  of  these  seedlings  the  summits  were  exposed  for 
a  length  of  '05  inch,  and  in  two  of  them  this  part  became 
curved  towards  the  light,  but  the  whole  lower  part  remained 
quite  upright;  wherois  the  entire  length  of  the  other  two 
seedlings  became  slightly  curved  towards  the  light.  The 
summits  of  the  four  other  seedlings  were  exposed  for  a  length 
of  'CM:  inch,  and  of  these  one  remained  almost  uj)right,  whilst 
the  other  three  became  considerably  curved  towards  the  light. 
The  many  free  seedlings  in  the  same  pots  were  all  greatly 
curved  towards  the  light. 

From  these  several  sets  of  experiments,  including  those  with 
the  glass- tubes,  and  those  when  the  tips  were  cut  off,  we  may 
infer  tliat  the  exclusion  of  light  from  the  upper  part  of  the 
cotyledons  of  Phalaris  prevents  the  lower  part,  though  fully 
exposed  to  a  lateral  light,  from  becoming  curved.  The  sunmiit 
for  a  length  of  '04  or  05  of  an  inch,  though  it  is  itself  sensitive 
and  curves  towards  the  light,  has  only  a  slight  power  of  causing 
the  lower  part  to  bend.  Nor  has  the  exclusion  of  light  from  the 
summit  for  a  length  of  '1  of  an  inch  a  strong  influence  on  the 
curvature  of  the  lower  part  On  the  other  hand,  an  exclusioo 
for  a  length  of  Ixitween  'lo  and  '2  of  an  inch,  or  of  the  whole 
upper  half,  plainly  prevents  the  lower  and  fully  illuminated 
part  from  becoming  curved  in  the  manner  (sec  Fig.  181)  which 
invariably  occurs  when  a  free  cotyledon  is  exposed  to  a  lateral 
light.  With  very  young  seedlings  the  sensitive  zone  seems  to 
extend  rather  lower  down  relatively  to  their  height  than  in  older 
seedlings.  Wo  must  therefore  conclude  that  when  seedlings 
are  freely  ex])osed  to  a  lateral  light  some  influence  is  trans- 
mitted from  the  upper  to  the  lower  part,  causing  the  latter  to 
bend. 

This  conclusion  is  supported  by  what  may  be  seen  to  occui 
on  a  small  scale,  es|)ecially  with  young  cotyledons,  without  any 
artificial  exclusion  of  the  light ;  for  they  bend  beneath  the  earth 
where  no  light  can  enter.  Seeds  of  Phalaris  were  covered 
with  a  layer  one-fourth  of  an  inch  in  thickness  of  very  fine 
sand,  consisting  of  extremely  minute  grains  of  silex  coated  with 
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oxide  of  iron.  A  layer  of  this  sand,  moistened  to  the  same 
degree  as  that  over  the  seeds,  was  sprtad  over  a  glass-plate ;  and 
when  the  layer  was  "05  of  an  inch  in  thickness  (carefully  mea- 
sured) no  light  from  a  bright  sky  could  lie  seen  to  pass  through 
it,  unless  it  was  viewed  through  a  long  blackened  tube,  and 
then  a  trace  of  light  could  1*  detecte<J,  but  probably  much  bK> 
little  to  affect  any  plant.  A  layer  1  of  an  inch  in  thickness  was 
quite  impermeable  to  light,  as  judged  by  the  eye  aided  by  the  tulie. 
It  may  be  worth  adding  tliat  the  layer,  when  dried,  remained 
equally  impermeable  to  light.  This  sand  yielded  to  very  slight 
pressure  whilst  kept  moist,  and  in  this  state  did  not  contract 
or  crack  in  the  least.  In  a  tirst  trial,  cotyledons  which  had 
grown  to  a  moderate  height  were  i  xi)osed  for  8  h.  before  a  paraffin 
lamp,  and  they  became  greatly  lK>wed.  At  their  bases  on  the 
shaded  side  opposite  to  the  light,  well-defined,  cresccntic,  open 
furrows  were  formed,  which  f^  measured  under  a  microscope  with 
a  micrometer)  were  from  02  to  03  of  an  inch  in  breadth,  and 
these  had  evidently  been  left  l>y  the  bending  of  the  buried  bases 
of  the  cotyledons  towards  the  light.  On  the  side  of  the  light 
the  cotyledons  were  in  close  contact  with  the  sand,  which  was  a 
very  little  heaped  up.  By  removing  with  a  sharp  knife  the 
sand  on  one  si(le  of  the  cotyledons  in  the  line  of  the  light,  the 
bent  portion  and  the  open  furrows  were  found  to  extend  down 
to  a  depth  of  alwiit  1  of  an  inch,  where  no  light  could  enter. 
The  chords  of  the  short  buried  arcs  formed  in  four  cases  angles 
of  11°,  13^,  15^,  and  18^  with  the  iKjri^endicular.  By  the 
following  morning  rhche  shoi-t  bowed  portions  had  straightened 
themselves  through  aj)ogeo*ropism. 

In  the  next  trial  much  younger  cotyledons  were  similarly 
treated,  but  were  exposed  to  a  rather  obscure  lateral  light. 
After  some  hours,  a  bowed  cotyledon,  '3  inch  in  height,  had  an 
open  furrow  on  the  shaded  side  '01  inch  in  breadth;  another 
cotyledon,  only  '13  inch  in  height,  had  loft  a  furrow  "02  inch  in 
breadth.  But  the  most  curious  case  was  that  of  a  cotyledon  which 
had  just  protruded  above  the  ground  and  was  only  '03  inch  in 
height,  and  this  was  found  to  be  bowed  in  the  direction  of  the 
light  to  a  deptli  of  '2  of  an  inch  beneath  the  surface.  From 
what  wc  know  of  the  imj)ermeability  of  this  sand  to  light,  the 
upper  illuminated  part  in  these  several  cases  must  have  deter- 
mined the  curvature  of  the  lower  buried  portions.  But  an 
apparent  cause  of  doubt  may  bo  suggested :  as  the  cotyledons 
are  continually  circuranutating,  they  tend  to  form  a  minute 
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crack  or  furrow  all  nmnd  their  bases,  wliich  would  admit  • 
little  light  on  all  sides;  but  this  would  not  happen  when  they 
were  illuminated  laterally,  for  we  know  that  they  quickly  bend 
towards  a  lateral  light,  and  they  then  press  so  firmly  ag»iinst  the 
sand  on  the  illuminated  side  as  to  furrow  it,  and  this  would 
effectually  exclude  light  on  this  side.  Any  light  admitted  on 
the  opi^osite  and  shaded  side,  where  an  open  furrow  is  formed, 
would  tend  to  counteract  the  curvature  towards  the  lamp  or 
other  source  of  the  light.  It  may  be  added,  that  the  use  of  fine 
moist  sand,  which  yields  easily  to  pressure,  was  indispensable 
in  the  above  experiments ;  for  seedlings  raised  in  common  soil, 
not  kept  especially  damp,  and  exjHjsed  for  9  h.  30  m.  to  a  strong 
lateral  light,  did  not  form  an  ojKjn  furrow  at  their  bases  on  the 
shaded  side,  and  were  not  l)owed  beneath  the  surface. 

Perhaps  the  most  striking  proof  of  the  action  of  the  upper 
on  the  lower  part  of  tlie  cotyledons  of  Phalaris,  when  laterally 
illuminated,  was  affi)rded  by  the  blackened  glass-tubes  (before 
alluded  to)  with  very  narrow  stripes  of  the  varnish  scraj:)ed 
off  on  one  side,  through  which  a  little  light  was  admitted. 
The  breadth  of  those  stripes  or  slits  varied  l)etween  '01  and 
02  inch  ('2o  and  '^l  mm.).  Cotyledons  with  their  upper 
halves  enclosed  in  such  tul>es  were  placed  before  a  south-west 
window,  in  such  a  position,  that  the  scraped  stripes  did  not 
directly  face  the  window,  but  obliquely  to  one  side.  The  seei- 
lings  were  left  exposed  for  8  h.,  before  the  close  of  which  time 
the  many  free  seedlings  in  the  same  pots  had  become  greatly 
bowed  towards  the  window.  Under  these  circumstances,  the 
whole  lower  halves  of  the  cotyledons,  which  had  their  summits 
enclosed  in  the  tubes,  were  fully  exposed  to  the  light  of  the 
sky,  whilst  their  upper  halves  received  exclusively  or  chiefly 
diffused  light  from  the  room,  and  this  only  through  a  very 
narrow  slit  on  one  side.  Now,  if  the  curvature  of  the  lower 
part  had  been  determined  by  the  illumination  of  this  part,  all 
the  cotyledons  assuredly  would  have  l>ecome  curved  towards 
the  window;  but  this  was  far  from  being  the  case.  Tubes 
of  the  kind  just  described  were  placed  on  several  occasions 
over  the  upper  halves  of  27  cotyledons;  14  of  them  remained 
all  the  time  quite  vertical;  so  that  sTifficient  diffused  light 
did  not  enter  through  the  narrow  slits  to  produce  any  effect 
whatever;  and  they  behaved  in  the  fame  manner  as  if  their 
upper  halves  had  l^en  enclosed  in  completely  blackened  tulles. 
The  lower  haUes  of   the  13  other  cotvledons  became  lx>wed 
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not  directly  in  the  line  of  the  window,  but  obliquely  towards 
it ;  one  pointed  at  an  angle  of  only  1^,  but  the  remaining  12 
at  angles  varying  between  15^  and  C*2^  from  the  line  of  the 
window.  At  the  commencement  of  the  experiment,  pins  hail 
been  laid  on  the  earth  in  the  direction  towards  whicli  the  slits  in 
the  varnish  faced ;  and  in  this  direction  alone  a  small  amount 
of  diflFused  light  entered-  At  the  close  of  the  experiment,  7  of 
the  bowed  cotyledons  pointed  exactly  in  the  line  of  the  pins, 
and  6  of  them  in  a  line  between  that  of  the  pins  and  that  of  the 
window.  This  intermtdiate  position  is  intelligible,  for  any  L'ght 
from  the  sky  which  entered  obliquely  through  the  slits  would 
be  much  more  efficient  than  the  diffused  light  which  entered 
directly  through  them.  After  the  8  h.  exposure,  the  conti-ast 
in  appearance  l»etween  these  13  cotyledons  and  the  many  other 
seedlings  in  the  same  pots,  which  were  all  (excepting  the  alx)vo 
14  vertical  ones)  greatly  bowed  in  straight  and  parallel  lines 
towards  the  window,  was  extremely  remarkable.  It  is  therefore 
certain  that  a  little  weak  light  striking  the  upper  halves  of  the 
cotyledons  of  Phalaris,  is  far  more  potent  in  determining  tlie 
direction  of  the  curvature  of  the  lower  halves,  than  the  full 
illumination  of  the  latter  during  the  whole  time  of  exposure. 

In  confirmation  of  the  above  results,  the  effect  of  tliickly 
painting  with  Indian  ink  one  side  of  the  upper  part  of  three  coty- 
ledons of  Phalaris,  for  a  length  of  '  2  inch  from  their  tips,  may  be 
worth  giving.  These  were  placed  so  that  the  unpainted  surface 
was  directed  not  towards  the  window,  but  a  little  to  one  side ; 
and  they  all  became  bent  towards  the  unpainted  side,  and  from 
the  line  of  the  window  by  angles  amounting  to  31°,  35°,  and  83°. 
The  curvature  in  this  direction  extended  down  to  their  bases, 
although  the  whole  lower  i>art  was  fully  exposed  to  the  light 
from  the  window. 

Finally,  although  there  can  bo  no  doubt  that  the  illumination 
of  the  upper  part  of  the  cotyledons  of  Phalaris  greatly  affects 
the  power  and  manner  of  bending  of  the  lower  part,  yet  some 
observations  seemed  to  render  it  probable  that  the  simultaneous 
stimulation  of  the  lower  part  by  light  greatly  favours,  or  is 
almost  necessary,  for  its  woll-marked  curvature ;  but  our  experi- 
ments were  not  conclusive,  owing  to  the  difficulty  of  excluding 
light  from  the  lower  halves  without  mechanically  preventing 
their  curvature. 

A oena  saliva.— The  cotyledons  of  this  plant  become  quickly 
be  wed  towards  a  lateral  light,  exactly  like  those  of  Phalaris. 
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Experiments  similar  to  the  foregoing  ones  were  tried,  and  wc 
will  give  the  results  as  briefly  as  possible.  They  are  somewhat 
less  conclusive  than  in  the  case  of  Phalaris,  and  this  may 
possibly  1x3  accounted  for  by  the  sensitive  zone  varying  in  exten- 
sion, in  a  species  so  long  cultivated  and  variable  as  the  common 
Oat.  Cotyledons  a  little  under  three-quarters  of  an  inch  in 
height  were  selected  for  trial :  six  had  their  summits  protected 
from  light  by  tin- foil  caps,  '25  inch  in  depth,  and  two  others  by 
caps  '3  inch  in  depth.  Of  these  8  cotyledons,  five  remained 
upright  during  8  hours  of  exposure,  although  their  lower  parts 
were  fully  exposed  to  the  light  all  the  time;  two  were  very  slightly, 
and  one  considerably,  bowed  towards  it.  Caps  only  •  2  or  •  22  inch 
in  depth  were  placed  over  4  other  cotyledons,  and  now  only  one 
remained  upright,  one  was  slightly,  and  two  considerably  bowed 
to  the  light.  In  this  and  the  following  cases  all  the  free  seedlings 
in  the  same  pots  became  greatly  bowed  to  the  light. 

Our  next  trial  was  made  with  short  lengths  of  thin  and 
fairly  transparent  quills;  for  glass-tulies  of  suflScient  diameter 
to  go  over  the  cotyledons  would  have  been  too  heavy.  Firstly, 
the  summits  of  13  cotyledons  were  enclosed  in  nnpainted 
quills,  and  of  these  11  became  greatly  and  2  slightly  bowed 
to  the  light ;  so  that  the  mere  act  of  enclosure  did  not  prevent 
the  lower  part  from  becoming  bowed.  Secondly,  the  summits 
of  11  cotyledons  were  enclosed  in  quills  '3  inch  in  length,  painted 
so  as  to  be  impermeable  to  light;  of  these,  7  did  not  be- 
come at  all  inclined  towards  the  light,  but  3  of  them  were 
slightly  bent  more  or  less  transversely  with  respect  to  the  line 
of  light,  and  these  might  perhaps  have  been  altogether  ex- 
cluded; one  alone  was  slightly  bowed  towards  the  light. 
Painted  quills,  '25  inch  in^length,  were  placed  over  the  sunmiits 
of  4  other  cotyledons ;  of  these,  one  alone  remained  upright,  a 
second  was  slightly  bowed,  and  the  two  others  as  much  bowe<i 
to  the  light  as  the  free  seedlings  in  the  same  pots.  These  two 
latter  cases,  considering  that  the  caps  were  25  in  length,  are 
inexplicable. 

Lastly,  the  summits  of  8  cotvledons  were  coated  with  flexible 
and  highly  transparent  gold-beaters'  skin,  and  all  became  as 
much  bowed  to  the  light  as  the  free  seedlings.  The  summits  of 
9  other  cotyledons  were  similarly  coated  with  gold-beaters'  skin, 
which  was  then  painted  to  a  depth  of  between  *25  and  '3  inch, 
so  as  to  bo  impermeable  to  light;  of  these  5  remained  upright, 
and  4  were  well  bowed  to  the  light,  almost  or  quite  as  well 
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the  free  seedlings.  These  latter  four  cases,  as  well  as  the  two 
in  the  last  paragraph,  oflfcr  a  strong  exception  to  the  rule  that 
the  illumination  of  the  upper  part  determines  the  curvature  of 
the  lower  part.  Nevertheless,  5  of  these  8  cotyledons  remained 
quite  upright,  although  their  lower  halves  were  fully  illuminated 
all  the  time;  and  it  would  almost  be  a  prodigy  to  find  five  frco 
seedlings  standing  vertically  after  an  exposure  for  several  hours 
to  a  lateral  light. 

The  cotyledons  of  Avcnajike  those  of  Phalaris,  when  growing 
in  soft,  damp,  fine  sand,  leave  an  ojxm  crescentric  furrow  on  the 
shaded  side,  after  bending  to  a  lateral  light ;  and  they  Ijccomo 
bowed  beneath  the  surface  at  a  depth  to  which,  as  we  know, 
light  cannot  penetrate.  The  arcs  of  the  chords  of  thc3  buried 
bowed  portions  formed  in  two  cases  angles  of  20^  and  21'^  with 
the  perpendicular.  The  open  furrows  on  the  shaded  side  wen;, 
in  four  cases,  -008,  '016,  '024,  and  '024  of  an  incli  in  breadth. 

Brassica  ohracea  (Common  Eed). — It  will  bere  tm  shown  that 
the  upper  half  of  the  hypocotyl  of  the  cabl)age,  when  illuminated 
by  a  lateral  light,  determines  the  curvature  of  the  lower  half. 
It  is  necessary  to  experimentise  on  young  seedlings  about  half 
an  inch  or  rather  less  in  height,  for  when  grown  to  an  inch  and 
upwards  the  basal  part  ceases  to  bend.  We  first  tried  painting 
ihe  hypocotyls  with  Indian  ink,  or  cutting  off  their  summits  for 
various  lengths ;  but  these  exi)eriments  are  not  W(jrlh  giving, 
though  they  confirm,  as  far  as  they  can  \yo  trusted,  the  results 
of  the  following  ones.  These  were  made  by  folding  gold-beaters' 
skin  once  round  the  upper  halves  of  young  hypocotyls,  and 
painting  it  thickly  with  Indian  ink  or  with  black  greafiC.  As 
a  control  experiment,  the  same  transparent  skin,  left  unpainted, 
was  folded  round  the  upper  lialves  of  12  hypocotyls ;  and  these 
all  became  greatly  curved  to  the  light,  excepting  one,  which  was 
only  moderately  curved.  Twenty  other  young  hypocotyls  had 
the  skin  round  their  upper  halves  painted,  whilst  their  lower 
halves  were  left  quite  uncovered.  These  seedlings  were  then 
exposed,  generally  for  between  7  and  8  h.,  in  a  box  blackened 
within  and  open  in  front,  either  before  a  south-west  window  or 
a  paraffin  lamp.  This  exposure  was  amply  sufficient,  as  was 
shown  by  the  strongly-marked  heliotropism  of  all  the  free  seed- 
lings in  the  same  pots;  nevertheless,  some  were  left  exposed 
to  the  light  for  a  much  longer  time.  Of  the  20  hvwKiotyla 
thus  treated,  14  remained  quite  upright,  and  6  became  slifirhtly 
bowed  to  the  light;  but  2  of  these  latter  cases  were  not  really 
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exceptions,  for  on  removing  the  skin  the  paint  was  found  im- 
perfect and  was  penetrated  by  many  small  transparent  spaces 
on  the  side  which  faced  the  light.  Moreover,  in  two  other  cases 
the  painted  skin  did  not  extend  quite  halfway  down  the  hypo- 
cotyl.  Altogether  there  was  a  wonderful  contrast  in  the  several 
pots  between  these  20  hypocotyls  and  tbe  other  m«ny  free 
seedlings,  which  were  all  greatly  bowed  down  to  their  bases  in 
the  direction  of  the  light,  some  being  almost  prostrate  on  the 
ground. 

Tlie  most  successful  trial  on  any  one  day  (included  in  the 
above  results)  is  worth  describing  in  detail.  Six  young  sewl- 
lings  were  selected,  the  hypocotyls  of  which  were  nearly  '45  inch, 
excepting  one,  which  was  *  6  inch  in  height,  measured  from  the 
bases  of  their  petioles  to  the  ground.  Their  upper  halves, 
judged  as  accurately  as  could  be  done  by  the  eye,  were  folded 
once  round  with  gold-beaters'  skin,  and  this  was  paintec* 
thickly  with  Indian  ink.  They  were  exposed  in  an  otherwise 
darkened  room  before  a  bright  paraffin  lamp,  which  stood  on 
a  level  with  the  two  pots  containing  the  seedlings.  They 
were  first  looked  at  after  an  interval  of  5  h.  10  m.,  and  five 
of  the  protected  hypocotyls  were  found  quite  erect,  the  sixth 
being  very  slightly  inclined  to  the  light;  whereas  all  the  many 
i^ea  seedlings  in  the  same  two  pots  were  greatly  bowed 
to  the  liglit.  They  were  again  examined  after  a  continuous 
exposure  to  the  light  of  20  h.  35  m. ;  and  now  the  contrast 
between  the  two  sets  was  wonderfully  great ;  for  the  free  seed- 
lings had  their  hypocptyls  extended  almost  horizontally  in  the 
direction  of  the  light,  and  were  curved  down  to  the  ground; 
whilst  those  with  the  upper  halves  protected  by  the  painted 
skin,  but  with  their  lower  halves  fully  exposed  to  the  light,  still 
remained  quite  upright,  with  the  exception  of  the  one  which 
retained  the  same  slight  inclination  to  the  light  which  it  had 
before.  This  latter  seedling  was  found  to  have  been  rather 
badly  painted,  for  on  the  side  facing  the  light  the  red  colour 
of  the  hypocotyl  could  be  distinguished  through  the  paint. 

We  next  tried  nine  older  seedlings,  tlie  hypocotyls  of  which 
varied  between  1  and  1*6  inch  in  height.  The  gold-beaters' 
skin  round  their  upper  parts  was  painted  with  black  grease  to 
a  depth  of  only  '3  inch,  that  is,  from  less  than  a  third  to  a  fourth 
or  fifth  of  their  total  heights.  They  were  exposed  to  the  light 
for  7  h.  15  m.;  and  the  result  showed  that  the  whole  of  the 
sensitive  zone,  which  determines  the  curvature  of  the  lower 
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|)art,  was  not  protected  from  the  action  of  the  b'ght ;  for  all  9 
became  cnrved  towards  it,  4  of  them  very  slightly,  3  moderately, 
and  2  almast  as  much  as  the  nnprotected  seedlings.  KcTerthe- 
less,  the  whole  9  taken  together  differed  plainly  in  their  degree 
of  curvature  from  the  many  frre  seedlings,  and  from  some 
which  were  wrapped  in  unpainted  skin,  growing  in  the  same 
two  pots. 

Seeds  were  covered  with  alwut  a  quarter  of  an  inch  of  the  fine 
sand  described  under  Phalaris ;  and  when  the  hypocotyls  had 
grown  to  a  height  of  between  '4:  and  '55  inch,  they  were  exposed 
during  9  h.  before  a  paraffin  lamp,  their  bases  being  at  first 
closely  surrounded  by  the  damp  sand.  They  all  became  bowed 
down  to  the  ground,  so  that  their  upper  parts  lay  near  to  and 
almost  parallel  to  the  surface  of  the  soil.  On  the  side  of  the 
light  their  bases  were  in  close  contact  with  the  sand,  which  was 
here  a  Tery  little  heaped  up;  on  the  opposite  or  shaded  side 
there  were  open,  cresceiitic  cracks  or  furrows,  rather  above  '01 
of  an  inch  in  width ;  but  they  were  not  so  sharp  and  regular 
as  those  made  by  Phalaris  and  Avena,  and  therefore  could  not 
be  so  easily  measured  under  the  microscope.  The  hypocotyls 
were  found,  when  the  sand  was  removed  on  one  side,  to  bo 
curved  to  a  depth  beneath  the  surface  in  three  cases  of  at  least 
•1  inch,  in  a  fourth  case  of  '11,  and  in  a  fifth  of  '15  inch.  The 
chords  of  the  arcs  of  the  short,  buried,  bowed  portions  formed 
angles  of  between  11°  and  10°  with  the  perpendicular.  From 
what  we  have  seen  of  the  impermeability  of  this  sand  to  light, 
the  curvature  of  the  hyjx)cotyl8  certainly  extended  down  to  a 
depth  where  no  light  could  enter;  and  the  curvature  must 
have  been  caused  by  an  influence  transmittal  from  the  upper 
illuminated  part 

The  lower  halves  of  five  young  hypocotyls  were  surrounded  by 
unpainted  goUl-btaters'  skin,  and  these,  after  an  exposure  of  8  h. 
before  a  paraffin  lamp,  ail  became  as  much  bowed  to  the  light 
as  the  free  seedlings.  The  lower  halves  of  10  other  young 
hypocotyls,  similarly  surrounded  with  the  skin,  were  thickly 
(minted  with  Indian  ink;  their  upper  and  unprotected  halves 
l)ecame  well  curved  to  the  light,  but  their  lower  and  protected 
halves  remained  vertical  in  all  the  cases  excepting  one,  and  on 
this  the  layer  of  paint  was  imperfect  This  result  seems  to 
prove  that  the  influence  transmitted  from  the  upper  part  is 
not  sufficient  to  cause  the  lower  part  to  bend,  unless  it  be  at 
the  same  time  illuminaU'd;  but  there  remains  the  doubt,  as  in 
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the  case  of  Phalaris,  whether  the  skin  covered  with  a  rathef 
lliick  crust  of  dry  Indian  ink  did  not  mechanically  prevent 
their  curvature. 

lida  vulgaris. — A  few  analogous  experiments  were  tried  on 
this  plant,  which  is  not  very  well  adapted  for  tlio  purpose,  as  the 
basal  part  of  the  hypocotyl,  after  it  has  grown  to  alx>ve  half  an 
inch  in  height,  does  not  bend  much  on  exposure  to  a  lateral 
light.  Four  hypocotyls  were  surrounded  close  beneath  their 
|)otioIes  with  strips  of  thin  tin-foil,  '2  inch  in  breadth,  and  they 
remained  upright  all  day  l)efore  a  paraffin  lamp ;  two  others 
were  surrounded  with  strips  '15  inch  in  breadth,  and  one  of 
these  remained  upright,  the  other  Ixjcoming  bowed ;  the  band- 
ages in  two  other  cases  were  only  '1  inch  in  breadth,  and  both 
of  these  hypocotyls  became  l>owed,  though  one  only  slightly, 
towards  the  light.  The  free  seedlings  in  the  same  pots  were 
ail  fairly  well  curved  towards  the  light;  and  during  the  follow- 
ing night  became  nearly  upright.  The  pots  were  now  turned 
round  and  placed  before  a  window,  so  that  the  opposite  sides 
of  the  seedlings  were  exposed  to  the  light,  towards  which  all 
the  unprotected  hypocotyls  l^ecame  bent  in  the  course  of  7  h. 
Seven  out  of  the  8  seedlings  with  bandages  of  tin- foil  remained 
upright,  but  one  which  had  a  bandage  only  '1  inch  in  breadth, 
became  curved  to  the  light.  On  another  occasion,  the  upper 
halves  of  7  hypocotyls  were  surrounded  with  painted  gold- 
beaters* skin ;  of  these  4  remained  upright,  and  3  became  a  little 
curved  to  the  light:  at  the  snme  time  4  other  seedlings  sur- 
rounded with  unpainted  skin,  as  well  as  the  free  ones  in  the 
sjime  pots,  all  became  bowed  towards  the  lamp,  before  which 
they  had  been  exposed  during  22  houi-s. 

lUidides  of  :>inapis  albn. —  The  radicles  of  some  plants  are 
indifferent,  as  far  as  curvature  is  concerned,  to  the  action  uf 
light ;  whilst  others  bend  towards  and  others  from  it.*  Whether 
tlicse  movements  are  of  any  service  to  the  plant  is  very  doubtful, 
at  least  in  tlfe  case  of  subterranean  roots ;  they  probably  result 
from  the  radicles  being  sensitive  to  contact,  moisture,  and  gravi- 
tation, and  as  a  consequence  to  other  irritants  which  are  never 
naturally  encountered.  The  radicles  of  Sinapis  alba,  when 
immersed  in  water  and  exposed  to  a  lateral  light,  bend  from  it, 
or  are  apheliotropic.  They  become  bent  for  a  length  of  about 
4  mm.  from  their  tips.    To  ascertain  whether  this  movement 
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generally  occnrred,  41  imdicles,  vLich  had  permfcAted  in  damp 
sawdust,  vere  immerEed  in  wat<;r  arid  exposed  \o  a  lateral  light ; 
and  they  all,  with  two  doubtful  exceptions,  Iccanae  mrrcd  from 
the  light  At  the  aaice  time  tie  tips  of  .>l  other  radic'.es, 
similarly  exposed,  were  jest  toncbcd  with  nitrate  of  siiTer. 
They  were  blackened  for  a  leccih  of  from  *(t5  to  -(*7  mm.,  and 
probably  killol;  bat  it  sbon^d  be  observed  thai  th.s  did  not 
check  materially,  if  at  all,  the  growth  of  the  upper  r«ui;  for 
several,  which  were  mea^ur&i,  increased  in  the  course  of  only 
&-9  h.  by  5  to  7  moL  in  length-  Of  the  54  cauterised  radicles 
one  case  was  doabtful,  25  cuntd  them5elTes  from  the  light  in 
the  normal  manner,  and  28,  or  more  than  ha^f,  were  not  in  the 
least  apheliotropic.  There  was  a  considerable  difference,  which 
we  cannot  account  f  >r,  in  the  results  of  the  experiments  tried 
towards  the  end  of  April  and  in  the  middle  of  September. 
Fifteen  radicles  (part  cf  the  abiove  lA)  were  cAuterised  at  the 
former  period  and  were  exposed  to  sunsline,  of  which  1*J  faikxl 
to  be  apheliotropic,  2  were  still  apheliotropic,  and  1  was  doubt- 
fuL  In  September,  39  cauterised  radicles  were  exposed  to  a 
northern  light,  being  kept  at  a  proper  temperature ;  and  now 
23  continued  to  be  apheliotropic  in  the  normal  manner,  and 
only  16  failed  to  Wnd  from  the  light.  Looking  at  the  aggregate 
results  at  both  periods,  there  can  be  no  doubt  that  the  de- 
struction of  the  tip  for  less  than  a  millimeter  in  length  destroyed 
in  more  than  half  the  cases  their  power  of  moving  from  the 
light  It  is  probable  that  if  the  tips  had  been  cauterised  for 
the  length  of  a  whole  millimeter,  all  signs  of  apheliotropism 
would  have  disappeared.  It  may  be  suggested  that  although 
the  application  of  caustic  does  not  stop  growth,  yet  enough  may 
he  absorbed  to  destroy  the  power  of  movement  in  the  upper 
part;  but  this  suggestion  must  be  rejected,  for  we  have  seen 
and  shall  i^ain  see,  that  cauterising  one  side  of  the  tip  of  various 
kinds  of  radicles  actually  excites  movement.  The  conclusion 
seems  inevitable  that  sensitiveness  to  light  resides  in  the  tip 
of  the  radicle  of  Sinapis  alba;  and  that  the  tip  when  thus 
stimulated  transmits  some  influence  to  the  upper  |»art,  cjiusing 
it  to  bend.  The  case  in  this  respect  is  parallel  with  that  of 
the  radicles  of  several  plants,  the  tips  of  which  are  sensitive  to 
contact  and  to  other  irritants,  and,  as  will  he  shown  in  the 
elerenth  chapter,  to  gravitation. 
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Concluding  Kemarks  and  Summary  of  Chapter. 

We  do  not  know  whether  it  is  a  general  rule  with 
seedling  plants  that  the  illumination  of  the  uppei 
part  determines  the  curvature  of  the  lower  part.  But 
as  this  occurred  in  the  four  species  examined  by  us, 
belonging  to  such  distinct  families  as  the  Gramineae, 
Crucifera?,  and  ChenopodeaB,  it  is  probably  of  common 
occurrence.  It  can  hardly  fail  to  be  of  service  to  seed- 
lings, by  aiding  them  to  find  the  shortest  path  from 
the  buried  seed  to  the  light,  on  nearly  the  same 
principle  that  the  eyes  of  most  of  the  lower  crawling 
animals  are  seated  at  the  anterior  ends  of  their  bodies. 
It  is  extremely  doubtful  whether  with  fully  developed 
plants  the  illumination  of  one  part  ever  affects  the 
curvature  of  another  part.  The  summits  of  5  young 
plants  of  Asparagus  officinalis  (varying  in  height  be- 
tween I'l  and  2'7  inches,  and  consisting  of  several 
short  internodes)  were  covered  with  caps  of  tin-foil 
from  0*3  to  0*35  inch  in  depth;  and  the  lower  un- 
covered parts  became  as  much  curved  towards  a  lateral 
light,  as  were  the  free  seedlings  in  the  same  pots. 
Other  seedlings  of  the  same  plant  had  their  summits 
painted  with  Indian  ink  with  the  same  negative  result. 
Pieces  of  blackened  paper  were  gummed  to  the  edges 
and  over  the  blades  of  some  leaves  on  young  plants  of 
Tropseolum  majus  and  Ranunculus  ficaria ;  these  were 
then  placed  in  a  box  before  a  window,  and  the  petioles 
of  the  protected  leaves  became  curved  towards  the 
light,  as  much  as  those  of  the  unprotected  leaves. 

The  foregoing  cases  with  respect  to  seedling  plants 
have  been  fully  described,  not  only  because  the  trans- 
mission of  any  effect  from  light  is  a  new  physiological 
fact,  but  because  we  think  it  tends  to  modify  somewhat 
the  current  views  on  heliotropic  movements.    Until 
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lately  such  movements  were  believed  to  result  simply 
from  increased  growth  on  the  shaded  side.  At  present 
it  is  commonly  admitted  *  that  diminished  light  in- 
creases the  turgescence  of  the  cells,  or  the  extensibility 
of  the  cell-walls,  or  of  both  together,  on  the  shaded 
side,  and  that  this  is  followed  by  increased  growth. 
But  Pfeffer  has  shown  that  a  difference  in  the  tur- 
gescence on  the  two  sides  of  a  pulvinus, — that  is,  an 
aggregate  of  small  cells  which  have  ceased  to  grow  at 
an  early  age, — is  excited  by  a  difference  in  the  amount 
of  light  received  by  the  two  sides;  and  that  move- 
ment is  thus  caused  without  being  followed  by  in- 
creased growth  on  the  more  turgescent  side.t  All 
observers  apparently  believe  that  light  acts  directly 
on  the  part  which  bends,  but  we  have  seen  with  the 
above  described  seedlings  that  this  is  not  the  case. 
Their  lower  halves  were  brightly  illuminated  for  hours, 
and  yet  did  not  bend  in  the  least  towards  the  light, 
though  this  is  the  part  which  under  ordinary  circum- 
stances bends  the  most.  It  is  a  still  more  striking 
fact,  that  the  faint  illumination  of  a  narrow  stripe  on 
one  side  of  the  upper  part  of  the  cotyledons  of  Phalaris 
determined  the  direction  of  the  curvature  of  the  lower 
part ;  so  that  this  latter  part  did  not  bend  towards  the 
bright  light  by  which  it  had  been  fully  illuminated, 


♦  Emil  Gocllewski  hne  given 
('Bot.  Zeitung/  1879,  Nos.  6-1)) 
nil  excellent  acconnt  (p.  120)  of 
tlie  present  state  of  thu  question. 
See  also  Vines  in  *Arbeiten  des 
Bot  Inst  in  Wiirzburo^/  1S7?^,  B. 
U.  pp.  114-147.  Hugo  do  Vries 
has  recently  publiabed  a  still 
more  important  article  on  this 
suMect : '  Bot.  Zeitung,'  Dec.  19th 
and  26tb,  1879. 

t  *  Die  Poriodischen  Bowegun- 
gen  der  BIattor<:aMu/  1875,  pp.  7, 


C3.  123,  &c.  Frank  hns  also 
insisti'd  (*  Die  Naturliche  wa- 
gerechte  Richtung  von  PAjim- 
zentheilen,*  1870,  p.  53)  on  thfi 
important  port  which  the  pulvini 
of  tlie  leaflets  of  compound  leaves 
play  in  placing  tiie  leaflets  in  a 
proper  pohltion  with  respect  to  tho 
li^ht  This  holds  good,  especially 
with  the  leave:<  of  climbing  plants, 
which  are  carried  into  all  sorts 
of  positions,  ill -adapted  for  the 
aetiuD  of  the  I'ght. 
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but  obliquely  towards  one  side  where  only  a  little 
light  entered.  These  results  seem  to  imply  the  pre- 
sence of  some  matter  in  the  upper  part  which  is  acted 
on  by  light,  and  which  transmits  its  effects  to  the 
lower  part.  It  has  been  shown  that  this  transmissio.i 
is  independent  of  the  bending  of  the  upper  sensitive^ 
part.  We  have  an  analogous  case  of  transmission  in 
Drosera,  for  when  a  gland  is  irritated,  the  basal  and 
not  the  upper  or  intermediate  part  of  the  tentacle 
bends.  The  flexible  and  sensitive  filament  of  Dionaea 
likewise  transmits  a  stimulus,  without  itself  bending ; 
as  does  the  stem  of  Mimosa. 

Light  exerts  a  powerful  influence  on  most  vege- 
table tissues,  and  there  can  be  no  doubt  that  it 
generally  tends  to  check  their  growth.  But  when  the 
two  sides  of  a  plant  are  illuminated  in  a  slightly 
different  degree,  it  does  not  necessarily  follow  that 
ttie  bending  towards  the  illuminated  side  is  caused  by 
changes  in  the  tissues  of  the  same  nature  as  those 
which  lead  to  increased  growth  in  darkness.  We 
know  at  least  that  a  part  may  bend  from  the  light, 
and  yet  its  growth  may  not  be  favoured  by  light. 
This  is  the  case  with  the  radicles  of  Sinapis  alba,  which 
are  plainly  apheliotropic ;  nevertheless,  they  grow 
quicker  in  darkness  than  in  light.*  So  it  is  with 
many  aerial  roots,  according  to  Wiesner  ;t  but  there 
are  other  opposed  cases.  It  appears,  therefore,  that 
light  does  not  determine  the  growth  of  apheliotropic 
parts  in  any  uniform  manner. 

We  should  bear  in  mind  that  the  power  of  bending 
to  the  light  is  highly  beneficial  to  most  plants.    There 


♦  Francis   Darwin,  » Ober  dns  Heft  iii.,  1880,  p.  621. 

Waclisthura    negativ    heliotropi-  t  *  Sitzb.  derk.  Akad.  derWii» 

»ch(T   Wiurzeln ' :    *  Arbeiten  des  scnsch '  (Vienna),  1880,  p.  12. 
Bot.  Inst,  in  Wurzburg,'  B.  ii . 
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is  therefore  no  improbability  in  tliis  power  Jiaving  been 
specially  acquired.  Jn  several  respects  light  sei  ms  to 
act  on  plants  in  nearly  the  same  manner  as  it  does 
on  animals  by  means  of  the  nervous  system.*  With 
seedlings  the  efiect,  as  we  have  just  seen,  is  trans- 
mitted from  one  part  to  another.  An  animal  may  Ik3 
excited  to  move  by  a  very  small  amount  of  light;  and 
it  has  been  shown  that  a  diflference  in  the  illumination 
of  the  two  sides  of  the  cotyledons  of  Phalaris,  which 
could  not  be  distinguished  by  the  human  eye,  sufficed 
to  cause  them  to  bend.  It  lias  also  been  shown  that 
there  is  no  close  parallelism  between  the  amount  of 
light  which  acts  on  a  plant  and  its  degree  of  curva- 
ture; it  Wiis  indeed  hardly  possible  to  perceive  any 
diflFerence  in  the  curvature  of  some  seedlings  of  Phalaris 
exposed  to  a  light,  which,  though  dim,  was  very  much 
brighter  than  that  to  which  others  had  been  exposed. 
The  retina,  after  being  stimulated  by  a  bright  light, 
feels  the  effect  for  some  time ;  and  Phalaris  continued 
to  bend  for  nearly  half  an  hour  towards  the  side  which 
had  been  illuminated.  The  retina  cannot  perceive 
a  dim  light  after  it  has  been  exposed  to  a  bright  one; 
and  plants  which  had  been  kept  in  the  daylight 
during  the  previous  day  and  morning,  did  not  move 
so  soon  towards  an  obscure  lateral  light  as  did  others 
which  had  been  kept  in  complete  darkness. 

Even  if  light  does  act  in  such  a  manner  on  the 
growing  })arts  of  ])lants  as  always  to  excite  in  them 
a  tendency  to  bend  towards  the  more  illuminated 
side — a  sui)position  contradicted  by  the  foregoing 
experiments   on   seedlings   and   by  all   apheliotropic 


*  Paclis  hf\B  mndi*  8omo  striking  See  his  paper  *  l':^bor  ortbotrope 

remarks  to  tlie  bame  effect  witli  und   pla<?iotmpo  Pflanzentheiie,' 

respect    to    tiie    vHrious    stimiiH  *  Arb.  (U»8.  Bot.  Iriet  ia  Wttrzburg^ 

vrhich  excite  movcjueut  in  plants.  lS7i*   B.  ii.  p.  282, 
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organs — yet  the  tendency  differs  greatly  m  different 
species,  and  is  variable  in  degree  in  the  individuals  of 
the  same  species,  as  may  be  seen  in  almost  any  pot 
of  seedlings  of  a  long  cultivated  plant.*  There  is 
therefore  a  basis  for  the  modification  of  this  tendencv 
to  almost  any  beneficial  extent.  That  it  has  been 
modified,  we  see  in  many  cases:  thus,  it  is  of  more 
importance  for  insectivorous  plants  to  place  their 
leaves  in  the  best  position  for  catching  insects  than 
to  turn  their  leaves  to  the  light,  and  they  have 
no  such  power.  If  the  stems  of  twining  plants  were 
to  bend  towards  the  lisrht,  thev  would  often  be  drax^Ti 
away  from  their  supports ;  and  as  we  have  seen  they 
do  not  thus  bend.  As  tlie  stems  of  most  other  plants 
are  heliotropic,  we  may  feel  almost  sure  that  twining 
plants,  which  are  distributed  throughout  the  whole 
vascular  series,  have  lost  a  power  that  their  non- 
climbing  progenitors  possessed.  Sloreover,  with  Ipo- 
moea,  and  probably  all  other  twiners,  the  stem  of  the 
young  plant,  before  it  begins  to  twine,  is  highly  helio- 
tropic, evidently  in  order  to  expose  the  cotyledons  or 
the  first  true  leaves  fully  to  the  light.  With  the  Ivy  the 
stems  of  seedlings  are  moderately  heliotropic,  whilst 
those  of  the  same  plants  when  grown  a  little  older 


*  Str.iBburgcihfts  shown  iu  liis 
interesting  work  ('Wirkunjr  des 
Lichtes  .  .  .  anf  Schwarinsporen/ 
1878),  that  tlje  movonient  of  the 
Bwarm-spores  of  various  lowly 
organised  plants  U)  a  lateral  light 
is  influen*  ed  hy  their  stage  of 
development,  hy  the  tempenituro 
to  whirh  they  are  snhjeeted,  by 
the  degree  of  illumination  under 
which  they  have  been  raised,  and 
by  other  unknown  causes;  so  that 
the  swurm-sfKires  of  the  stuiie 
species  may  move  across  the  field 
of  the  microsoi'pe  oitlicr  to  or  frc»m 


the  light.  Some  individuals,  more- 
over, appear  to  bo  indifferent  to 
the  light;  and  those  of  different 
species  behave  very  differently. 
TliH  brighter  the  light,  tllo 
Btraiuhter  is  their  course.  They 
exhibit  mIso  for  a  bhort  time  the 
afior-effects  of  light  In  all  tiiego 
n  8p«  cts  they  ro.-emble  the  higher 
plants.  Pee,  also,  6tahl,  •  Ueber 
den  einfiusB  der  Lichts  auf  die 
Beweguugs  -  erscheinungeti  der 
Soliwiirmsporen  *  Verb.  d.  phy&- 
me<l.  GcselBshalft  in  Wiirzburg, 
h.  xii.  1878. 
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are  apheliotr*3pie.  Seme  teii'lrils  which  consist  of 
modified  leares — c^nrans  in  all  oriinarr  cases  5tron«rlv 
diaheliotropie — hare  been  rendered  apheliotn>pic,  and 
their  tips  crawl  into  any  dark  crexice. 

Even  in  the  case  of  orlinary  heliotropic  movements, 
it  is  hapllv  cre«Iible  that  thev  result  directlv  frv>m 
the  action  of  the  li^^ht.  without  any  special  adaptation. 
We  may  illustrate  what  we  mean  by  the  hygroeeopic 
movements  of  pUnts :  if  the  tissues  on  one  side  of  an 
organ  permit  of  rapid  evaporation,  they  will  dry 
quickly  and  contract,  causing  the  part  to  bend  to  this 
side.  Xow  the  wonderfully  complex  movements  of 
the  pollinia  of  OrchiB  ptjramidaliSy  by  which  they  clasp 
the  proboscis  of  a  moth  and  afterwanls  change  their 
position  for  the  sake  of  depositing  the  pollen-masses 
on  the  double  stigma — or  again  the  twisting  move- 
ments, by  which  certain  seeds  bury  themselves  in 
the  ground* — follow  from  the  manner  of  drying  of 
the  parts  in  question ;  yet  no  one  will  supjK)se  that 
these  results  have  been  gained  without  special  adapta- 
tion. Similarly,  we  are  led  to  believe  in  adaptation 
when  we  see  the  hypocotyl  of  a  seedling,  which  contains 
chlorophyll,  bending  to  the  light ;  for  although  it  thus 
receives  less  light,  being  now  shaded  by  its  own  coty- 
ledons, it  places  them — the  more  important  organs — in 
the  best  position  to  be  fully  illuminated.  The  hypo- 
cotyl may  therefore  be  said  to  siicrificc  itself  for  the 
good  of  the  cotyledons,  or  rather  of  the  whole  plant. 
But  if  it  be  prevented  from  bending,  as  must  soiui^- 
times  occur  with  seedlings  springing  up  in  an  en- 
tangled mass  of  vegetation,  the  cotyledons  themscilves 
bend  so  as  to  face  the  light ;  the  one  fartlu^st  off'  rising 


♦  Frnncia  Dflnvin,  *  On  fho  Hy-      fictions  Linn.  Soc./  ifrioaii.  Tol.  I 
grfiiicoiiicMccliuni8m,'&c.,*Trani»-      p.  149,  1870. 
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up,  and  that  nearest  to  the  light  sinking  down,  oi 
both  twisting  laterally.*  We  may,  also,  suspect  tnat 
the  extreme  sensitiveness  to  light  of  the  upper  part 
of  the  sheath-like  cotyledons  of  tlie  Gramiueae,  and 
their  power  of  transmitting  its  effects  to  the  lower 
part,  are  specialised  arrangements  for  finding  the 
shortest  path  to  the  light.  With  plants  growing  on 
a  bank,  or  thrown  prostrate  by  the  wind,  the  manner 
in  which  the  leaves  move,  even  rotating  on  their  own 
axes,  80  that  their  upper  surfaces  may  be  again  directed 
to  the  light,  is  a  striking  phenomenon.  Such  fiicts 
are  rendered  more  striking  when  we  remember  that 
too  intense  a  light  injures  the  chlorophyll,  and  that 
the  leaflets  of  several  Leguminosa)  when  thus  exposed 
bend  upwards  and  present  their  edges  to  the  sun,  thus 
escaping  injury.  On  the  other  hand,  the  leaflets  of 
Averrhoa  and  Oxalis,  when  similarly  exposed,  bend 
downwards. 

It  was  shown  in  the  hist  chapter  that  heliotropism 
is  a  modified  form  of  circumnutation ;  and  as  every 
growing  part  of  every  plant  circumnutates  more  or  less, 
wo  can  understand  how  it  is  that  the  power  of  bending 
to  the  light  has  been  acquired  by  such  a  multitude 
of  plants  throughout  the  vegetiible  kingdom.  The 
manner  in  which  a  circumnutating  movement— that 
is,  one  consisting  of  a  succession  of  iiTCgular  ellipses 
or  loops — is  gradually  converted  into  a  rectilinear 
course  towards  the  light,  has  been  already  explained. 
First,  we  have  a  succession  of  ellipses  with  their 
longer  axes  directed  towards  the  light,  each  of  which 


♦  Wiesner  Ims  ina<l«*  rcmarka  to  tracte*!    from    B.  Ixxvii.   (187H) 

nearly  the  same  eflieot  with  respect  Sitb.  der  k.  Akud.  der  Wifiseusch. 

to  li^ves:  •  Dio  undiilirmde  Nu-  VVion. 
tatioQ  dor  Internodieii/  p.  0,  ex- 
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is  described  nearer  and  nearer  to  its  source ;  then  the 
loops  are  drawn  out  into  a  strongly  pronounced  zigzag 
line,  with  here  and  there  a  small  loop  still  formed. 
At  the  same  time  that  the  movement  towards  the  liglit 
is  increased  in  extent  and  accelerated,  that  in  the 
opposite  direction  is  lessened  and  retarded,  and  at  last 
stopped.  The  zigzag  movement  to  either  side  is 
likewise  gradually  lessened,  so  that  finally  the  course 
becomes  rectilinear.  Thus  under  the  stimulus  of  a 
fairly  bright  light  there  is  no  useless  expenditure  of 
force. 

As  with  plants  every  character  is  more  or  less 
variable,  there  seems  to  be  no  great  difficulty  in  be- 
lieving that  their  circumnutating  movements  may 
have  been  increased  or  modified  in  any  beneficial 
manner  by  the  preservation  of  varying  individuals. 
The  inheritance  of  habitual  movements  is  a  necessary 
contingent  for  this  process  of  selection,  or  the  survival 
of  the  fittest ;  and  we  have  seen  good  reason  to  believe 
that  habitual  movements  are  inherited  by  plants.  In 
the  case  of  twining  species  the  circumnutating  move- 
ments have  been  increased  in  amplitude  and  rendered 
more  circular ;  the  stimulus  being  here  an  internal 
or  innate  one.  With  sleeping  plants  the  movements 
have  been  increased  in  amplitude  and  often  changed 
in  direction ;  and  here  the  stimulus  is  the  alternation 
of  light  and  darkness,  aided,  however,  by  inheritance. 
In  the  case  of  heliotropism,  the  stimulus  is  the  unequal 
illumination  of  the  two  sides  of  the  plant,  and  this 
determines,  as  in  the  foregoing  cases,  the  modifica- 
tion of  the  circumnutating  movement  in  such  a  manner 
that  the  organ  bends  to  the  light.  A  plant  which 
has  been  rendered  heliotropic  by  the  above  means, 
might  readily  lose  this  tendency,  judging  from  the 
cases  already  given,  as  soon  as  it  became  useless  or 
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injurious.  A  species  which  has  ceased  to  be  helio- 
tropic  might  also  be  reudered  apheliotropic  by  the 
preservation  of  the  individuals  which  tended  to  cir- 
cumnutate  (though  the  cause  of  this  and  most  other 
variations  is  unknown)  in  a  direction  more  or  less 
opposed  to  that  whence  the  light  proceeded.  In  like 
manner  a  plant  might  be  rendered  diaheliotropic. 
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CHAPTER  X. 

Modified  CirxuMNUTAiiox:  Movlihexts  excite:*  bt  G  ^titaTOS. 

Meant  of  obaervati  n  -Aj^'re^H^ojii  lo  —  Cyti:^us — VcrWoa — Beta — 
Gradual  omiTorsion  of  t.e  lu^'Ttiu*  ijt*>i  circnmnutation  into  aptigKVv- 
ticpU'n  in  Rabus,  Liliam,  Ph^tlariA,  Artn.^  ftiid  Bra-«ica — A|>0)^x>- 
tropism  retarded  by  Ltrliotmpiem — Efferud  by  t  e  aid  i^f  juinta 
or  palvini — 3fovemeDts  of  llowcr-r>e<lu!K*lta  of  Oxiilid — Geneial 
remarkd  on  Hpog>.<ttropi9m — Go  trr>pi6m — Movcnunts  of  ra<1icles — 
Burying  «ffle<rd -caper ulfs — Ure  of  pruct-as — Trifoliiim  subierraneum 
— ^Aracbitf — Anipliicarpata — DLigeotropisni — Conclusion. 

Our  object  in  the  present  chapter  is  to  show  that 
geotropism,  apogeotropism,  and  diageotn>pism  are  mt>- 
dified  forms  of  circnmnutation.  Extremelv  fine  tila- 
ments  of  glass,  bearing  two  minute  triangles  of  piip^r, 
were  fixed  to  the  summits  of  young  stems,  frequently 
to  the  hypocotyls  of  seedlings,  to  flower-peduncles, 
radicles,  &c.,  and  the  movements  of  the  parts  were 
then  tniced  in  tlie  injumer  already  described  on 
vertical  and  horizontal  glass-plates.  It  should  be 
remembered  that  as  the  stems  or  other  parts  become 
more  and  more  oblique  with  respect  to  the  glasses,  tho 
figures  traced  on  them  necessarily  become  more  and 
more  magnified.  The  plants  were  protected  from  liglit, 
excepting  whilst  eacli  observation  was  being  made,  and 
then  the  light,  wliich  was  always  a  dim  one,  was 
allowed  to  enter  so  as  to  interfere  as  little  as  possible 
with  the  movement  in  progress ;  and  we  did  not  detect 
any  evidence  of  such  interference. 

When  observing  the  gradations  between  circumnu 
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tation  and  Leliotropism,  we  had  the  great  advantage  of 
being  able  to  lessen  the  light ;  but  with  geotropisdn 
analogous  experiments  were  of  course  impossible. 
We  could,  however,  observe  the  movements  of  stems 
placed  at  first  only  a  little  from  the  perpendicular,  in 
which  case  geotropism  did  not  act  with  nearly  so  much 
power,  as  when  the  stems  were  horizontal  and  at  right 
angles  to  the  force.  Plants,  also,  were  selected  which 
were  but  feebly  geotropic  or  apogeotropic,  or  had 
become  so  from  having  grown  rather  old.  Another 
plan  was  to  place  the  stems  at  first  so  that  they  pointed 
30  or  40  degrees  beneath  the  horizon,  and  then  apo- 
geotropism  had  a  great  amount  of  work  to  do  before 
the  stem  was  rendered  upright  ;  and  in  this  case 
ordinary  circumnutation  was  often  not  wholly  oblite- 
rated. Another  plan  was  to  observe  in  the  evening 
plants  which  during  the  day  had  become  greatly 
curved  heliotropically ;  for  their  stems  under  the  gra- 
dually waning  light  very  slowly  became  upright  through 
the  action  of  apogeotropism ;  and  in  this  case  modified 
circumnutati(jn  was  sometimes  well  displayt^d. 

Apojeotropisvi. — Plants  were  selected  for  observation  almost 
by  chance,  exceptin:^  that  they  were  taken  from  widely  different 
families.  If  the  stem  of  a  plant  which  is  even  moderately 
sensitive  to  apo<;eotropism  be  i)laced  horizontally,  the  upper 
growing  part  bends  quickly  upwards,  so  as  to  become  jwrpen- 
dicular;  and  the  line  ti-aced  by  joining  the  dots  successively 
made  on  a  glass  plate,  is  generally  almost  straight.  For  in- 
stance, a  young  Cijtisusfratjrans,  12  inches  in  height,  was  placed 
so  that  the  stem  projected  10°  beneath  the  horizon,  and  its 
course  wjus  tr.iced  diu-ing  72  h.  At  tirst  it  bent  a  veiy  little 
do\Miwards  (Fig.  182),  owing  no  doubt  to  the  weight  of  the 
stem,  as  this  occurred  with  most  of  the  other  plants  observed, 
though,  as  they  were  of  course  circumnutating,  the  short  down- 
ward lines  were  often  oblique.  After  three-quarters  of  an  hour 
the  stem  began  to  curve  upwards,  quickly  during  the  first  two 
hours,  but  much  more  slowly  during  the  afternoon  and  night, 
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and  on  the  followJDg  day.  During  the  second  night  it  fell 
a  little,  and  circiimnutatcd 
during  the  following  day;  but  it 
also  moTed  a  short  distance  to 
the  right,  which  was  caused  by 
a  little  light  haying  been  ac- 
cidentally admitted  on  this  side. 
The  stem  was  now  inclined 
&P  above  tlie  horizon,  and  had 
tlierefore  risen  70°.  With  time 
allowed  it  would  probably  have 
become  upright,  and  no  doubt 
would  have  continued  circum- 
nutating.  The  solo  remarkable 
feature  in  the  figure  here  given 
is  the  straightness  of  the  course 
pursued.  Tlie  stem,  however, 
did  not  move  upwards  at  an 
equable  rat€,  and  it  sometimes 
stood  almost  or  quite  still. 
Such  periods  probably  represent 
attempts  to  circumnutate  in  a 
direction  opposite  to  ai)ogeo- 
tropism. 

The  herbaceous  stem  of  a 
Verbena  melindres  (?)  laid  hori- 
zontally, rose  in  7  h.  so  much 
that  it  could  no  longer  be 
observed  on  the  vertical  glass 
which  stood  in  front  of  the  plant. 
The  long  lino  which  was  traced 
was  almost  absolutely  straight 
After  the  7  h.  it  still  continued  *^ 

to  rise,  but  now  circumnutated  C'y^««/'-;(7rari5;  npogeotropicmoTe 
1-   i-Ai         i-i     i.1.     ^  II       •         J  mcnt  of  stem  from  10°  beneath  t« 

slightly.     On  the  following  day      60°  above  horizon,  traced  on  vci 


it  stood  upright,  and  circum- 
nutated regularly,  as  shown  in 
Fig.  82,  given  in  the  fourth 
chapter.  The  stems  of  several 
other  plants  which  were  highly 
sensitive  to  apogeotropism  rose 
np  in  almost  straight  lines,  and 
21 


tical  glass,  from  8.30  a.m.  MarcF 
12th  to  10.30  P.M.  13th.  The  sub- 
sequent circumnutating  movement 
b  likewise  shown  up  to  6.45  a.m. 
on  the  15th.  Nocturnal  course 
represented,  as  usual,  by  a  broken 
line.  Movement  not  greatly  mag- 
nified, and  tracing  reduced  to  two- 
thirds  of  original  sc«t<>. 
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then  suddenly  began  to  circnmnntate.    A  partially  etiolated 


Fig.  183.    02:59^^01. 


J2:si 


Ifnm, 


'7Utttk29^ 


8'69am.Sd^ 


and  somewhat  old  hypoootyl 
of  a  seedling  cabbage  (2} 
inches  in  height)  was  so 
sensitive  that  when  placed 
at  an  angle  of  only  23^  from 
the  perpendicular,  it  became 
vertical  in  33  nunutcs.  As 
it  could  not  have  been 
strongly  acted  upon  by 
apogeotropism  in  the  above 
slightly  inclined  position, 
we  expected  that  it  would 
have  circunmutated,  or  at 
least  have  moved  in  a  zig- 
zag course.  Accordingly, 
dots  were  made  every  3 
minutes;  but,  when  these 
were  joined,  the  line  was 
nearly  straight.  After  this 
hy|X)cotyl  had  become  up- 
right it  still  moved  onwards 
for  half  an  hour  in  the  same 
general  direction,  but  in  a 
zigzag  manner.  During  the 
succeeding  9  h.  it  circum- 
nutated  regularly,  and  do- 
scribed  3  large  ellipses.  In 
this  case  apogeotropism, 
although  acting  at  a  very 
unfavourable  angle,  quite 
overcame  the  ordinary  cir- 
cumnutating  movement 

The  hyix)cotyls  of  Beta 
vulgaris  are  highly  sensitive 
to  apogeotropism.    One  was 


Bfta  fniljaHs:fipogtciTOYi\c  rnoveincnt       ,^^^  so  as  to  project  1^ 

othypocotyl  from  19®  beneath  horizon  f  .  .^  #.  n 

to  aVertical  position,  with  subsequent  bcncath  the  horizon ;  it  fell 

circumnutAtion,  traced  on  a  vertical  at  fil^st   a    very   little    (sce 

anil  on  a  horizontal  glass-plate,  from  j-j„    i^\    j^q  doubt  owiuff 

8.'28a.M.  Sept.  28th  to  8.40  A.M.  29th.  .     -i.    _  •   u*     1     a        -l 

Fijrure  reduJed  toone-thirdof  original  ^O  its  weight ;  but  as  it  wah 

seal  I.  circumnutating  the  line  waff 
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oblique  During  the  next  3  h.  8  m.  it  rose  in  a  nearly  straight 
line,  passing  through  an  angle  of  109^  and  then  (at  12.3  p.m.) 
stood  upright.  It  continued  for  55  m.  to  move  in  the  same 
general  direction  beyond  the  pserrenJicukr,  bat  in  a  zigzag 
course.  It  returned  also  in  a  zigzag  line,  and  then  circunmu- 
tated  regularly,  describing  three  large  ellipses  dnrirg  the 
remainder  of  the  day.  It  should  be  ol^served  that  the  ellips^^s 
in  this  figure  are  exaggerated  in  size,  relatively  to  the  length  of 
the  upward  straight  lire,  owing  to  the  jtosition  of  the  vertical 
and  horizontal  glass- plates.  Another  and  somewhat  old  hypo- 
cotyl  was  placed  so  as  to  stand  at  f>:Ay  31°  from  the  perpen- 
dicular, in  which  position  aix>geotropi:.m  acted  on  it  with  little 
force,  and  its  course  accordingly  was  slightly  zigzag. 

The  sheath-like  cotyledons  of  P/alm's  CaharienFis  are  ex- 
tremely sensitive  to  apogeotropism.  One  was  placed  so  as  to 
project  40°  beneath  the  horizon.  Although  it  was  rather  old 
and  1*3  inch  in  height,  it  became  vertical  in  4  h.  30  m.,  having 
passed  through  an  ang^e  of  130"  in  a  nearly  straight  line.  It  then 
suddenly  began  to  circumnutate  in  the  ordinary  manner.  The 
cotyledons  of  this  plant,  after  the  first  leaf  has  l)egun  to  pro- 
trude, are  but  slightly  apogeotropic,  though  they  still  continue 
to  circumnutate.  One  at  this  stage  of  development  was  placed 
horizontally,  and  did  not  become  upright  even  after  13  h.,  and  its 
course  was  slightly  zipzag.  So,  again,  a  rather  old  hypocotyl 
of  Cassia  iora  (li  inch  in  height)  required  28  h.  to  become  up- 
right, and  its  course  was  distinctly  zigzag ;  whilst  younger  hypo- 
cotyls  moved  much  more  quickly  and  in  a  nearly  straight  line. 

When  a  horizontally  placed  stem  or  other  organ  rises  in  a 
zigzag  line,  wc  may  iisfer  from  the  many  cases  given  in  our 
previous  chapters,  that  wo  have  a  modified  form  of  circumnu- 
tation ;  but  when  the  course  is  straight,  there  is  no  evidence 
of  drcumnutation,  and  any  one  might  maintain  that  this  latter 
movement  had  been  replaced  by  one  of  a  wholly  distinct  kind. 
This  view  Fccms  the  more  probable  when  (as  sometimes 
occurred  with  the  liypocotyls  of  Brassica  and  Beta,  the  stems  of 
Cucurbita,  and  the  cotyledons  of  Phalaris)  the  part  in  question 
after  bending  up  in  a  straight  course,  suddenly  begins  to  circum- 
nutate to  the  full  extent  and  in  the  usual  manner.  A  fairly 
good  instance  of  a  sudden  change  of  this  kind— that  is,  fr«>m  a 
nearly  straight  upward  movement  to  one  of  circunmutation — 
is  shown  in  Fig.  183 ;  but  more  striking  instances  were  occa- 
sionally observed  with  Beta,  Brassica,  and  Phalaris. 

We    will    n«^\^  describe  a   few  cases  in  which  it  may  be 
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seen  how  gradually  circumnutation  becomes  changed  iuto  apogoo- 

tropism,  under  circumstances  to  l)o  specified 
in  each  instance. 

Rvbus  tdaetis  (hybrid).— A  young  plant,  II 
inches  in  height,  growing  in  a  pot,  was  placed 
horizontally ;  and  the  upward  movement  was 
traced  during  nearly  70  h. ;  but  the  plant, 
though  growing  vigorously,  was  not  highly 
sensitive  to  apogeotropism,  or  it  was  not 
capable  of  quick  movement,  for  during  the 
above  time  it  rose  only  67°.  We  may  see  in 
the  diagram  (Fig.  184)  that  during  the  first 
day  of  12  h.  it  rose  in  a  nearly  straight  line. 
When  placed  horizontally,  it  was  evidently 
circumnutating,  for  it  rose  at  first  a  little, 
notwithstanding  the  weight  of  tlie  stem,  and 
then  sank  down ;  so  that  it  did  not  start  on 
its  permanently  upward  course  until  1  h. 
25  m.  had  elapsed.  On  the  second  day,  by 
which  time  it  had  risen  considerably,  and 
when  apogeotropism  acted  on  it  with  somewhat 
less  power,  its  course  during  15  i  h.  was  clearly 
zigzag,  and  the  rate  of  the  upward  movement 
was  not  equable.  During  the  third  day,  also 
of  15^  h.,  when  apogeotropism  acted  on  it 
with  still  less  power,  the  stem  plainly  circum- 
nutated,  for  it  moved  during  this  day  3  times 
up  and  3  times  down,  4  times  to  the  left  and 
4  to  the  right  But  the  course  was  so  complex 
that  it  could  hardly  be  traced  on  the  glass. 
We  can,  however,  see  that  the  successively 
formed  irregular  ellipses  rose  higher  and 
higher.  Apogeotropism  continued  to  act  on 
the  fourth  morning,  as  the  stem  was  still 
rising,  though  it  now  stood  only  23°  from  the 
perpendicular.  In  this  diagram  the  several 
stages  may  be  followed  by  which  an  almost 
rectilinear,  upward,  apogeotropic  course  first 
becomes  zigzag,  and  then  changes  into  a 
circumnutating  movement,  with  most  of  the 
successively  formed,  irregular  ellipses  directed 
upwards. 
Mium  auraium. — A  plant  23  inches  in  height  was  placed 
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horizontally,  wad  the  upper  part  of  the  stem  rose  58^  in  16  h.. 

in  the  manner  shown  in  the  accom- 

panving  diagram  (Fig.  185 '.    We  here 

see  that   during   the   whole   of  the 

second  day  of  151  h.,  the  stem  plainly 

circumnutated  whilst  bending  upwards 

through  apogeotropism.    It  ha<j  still 

to  rise  considerably,  for  when  the  last 

dot  in  the  figure  was  made,  it  stood 

32°  from  an  upright  position. 

PhalarU  Canariensis. — A  cotyledon 
of  this  plant  (1'3  inch  in  height)  has 
already  been  described  as  rising  in 
4  h.  30  m.  from  40**  beneath  the  hori- 
zon into  a  vertical  position,  passing 
through  an  angle  of  130^  in  a  nearly 
straight  line,  and  then  abruptly  be- 
ginning to  circtminutate.  Another 
somewhat  old  cotyledon  of  the  same 
height  (but  from  which  a  true  leaf 
had  not  yet  protruded),  was  similarly 
placed  at  40^  beneath  the  horizon.  For 
the  first  4  h.  it  rose  in  a  nearly  straight 
course  (Fig.  186),  so  that  by  1.10  p.m. 
it  was  highly  inclined,  and  no\v  aiK>- 
geotropism  acted  on  it  with  much  less 
power  than  before,  and  it  began  to 
zigzag.  At  4.15  p.m.  (i.e.  in  7  h.  from 
the  commencement)  itsto<xi  Tcrtically, 
and  afterwards  continued  to  circum- 
nutate  in  the  usual  manner  about  the 
same  spot.      Here  then    wo  have  a  / 

graduated  change  from  a  straight  up-      v^ 
ward  apogcotropic  course  into  circum-  LUiu-n    ouratnm .-     apogeo- 
nutation,  instead  of  an  abrupt  change,     ^m*'^<^  movement  of  stem, 
as  in  the  former  case. 

Avena  sativa. — The  sheath-like  coty- 
ledons, whilst  young,  arc  strongly  apo- 
gcotropic ;  and  some  which  were  placed 
at  45**  beneath  the  horizon  rose  90*^  in 
7  or  8  h.  in  lines  almost  absolutely 
gfraight.    An  oldish  cotyledon,  from  which  the  first  leaf  began  to 


/ 


tniced  on  a  vertical  jcla.>s 
during  2  days  and  2 
ni.i;ht8,  from  lo.40  a.m. 
March  18th  to  8  A.M. 
20th.  Figure  reduced  to 
one-half  of  the  original 
scale. 
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VhalmM  Canariensit:  ipogeotropic  move- 
ment of  cotyledon,  traced  on  a  Tenical 
and  horizontal  glass,  from  9. 10  A.M.  Sept. 
\^\h  to  9  A  M.  20th.  Figure  here  re- 
duced to  onc-flfth  of  original  scaIc. 


protrude  whilst  the  fol- 
lowing observations  were 
being  made,  was  placed 
at  10°  beneath  the  horizon, 
and  it  rose  only  59°  in 
24  h.  It  behaved  rather 
differently  from  any  other 
plant,  observed  by  us,  for 
during  the  first  4^  h.  it 
rose  in  a  line  not  far  from 
straight ;  during  the  next 
6i  h.  it  circumnutated, 
that  is,  it  descended  and 
again  ascended  in  a 
strongly  marked  zigzag 
course;  it  then  resumed 
its  upward  movement  in 
a  moderately  straight  line, 
and,  with  time  allowed, 
no  doubt  would  have  l>e- 
come  upright.  In  this 
case,  after  the  first  4 J  h., 
ordinary  circumnutation 
almost  completely  con- 
quered for  a  time  apogeo- 
tropism. 

Brassica  O'tracea.— The 
hypocotyls  of  several 
young  seedlings  placed 
iiorizontally,  rose  up  ver- 
tically in  the  course  of  6 
or  7  h.  in  nearly  straight 
lines.  A  Feedling  which 
had  grown  in  darkness  to 
a  height  of  2i  inches,  and 
was  therefore  rather  old 
and  not  highly  sensitive, 
was  placed  so  that  the 
hypocotyl  projected  at  be- 
tween 30^  and  40**  beneath 
the  horizon.  The  upper 
part  alone  became  curved 
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upwards, and  rose  dozing  the  fist  Sh.  10  m.  in  a  nearly  stiaight 
line  (Fig.  Iblj;  but  it  vas  not 
possible  to  trace  the  np^raid  n>OTe- 
roeut  on  the  Tertical  glass  for  the 
first  1  h.  10  m.,  bo  that  the  nearaj 
straight  line  in  the  diagram  OTight 
to  haye  been  mnch  longer.  Daring 
the  next  11  h.  the  hypooot^i  dixrom- 
nutated,  describing  zrregnlar  figures, 
each  of  which  rose  a  little  abore 
the  one  previously  formed.  During 
the  night  and  following  early  morn- 
ing it  continued  to  rise  in  a  zigzag 
course,  so  that  apogeotropism  was 
still  acting.  At  the  close  of  our  ob- 
servations, after  23  h.  (represented 
by  the  highest  dot  in  the  diagram) 
the  hypocotyl  was  still  32^  from 
the  perpendicular.  There  can  be 
little  doubt  that  it  would  ulti- 
mately  have  become  upright  by 
describing  an  additional  numl^er 
of  irregular  ellipses,  one  above  the 
other. 

Apogeotropism  retarded  by  Helio- 
tropism.  —  When  the  stem  of  any 
phmt  bends  during  the  day  towards 
a  lateral  light,  the  movement  is 
opi)osed  by  apogeotropism ;  but  as 
the  light  gradually  wanes  in  the 
evening  the  latter  power  slowly 
gains  the  upper  hand,  and  draws  Brassica  <»/caic/yi:  n|>ojjcotroj.ic 


the  stem  back  into  a  vertical 
position.  Here  then  we  have  a 
good  opportunity  for  obscrviDg  how 
apogeotropism  acts  when  very 
nearly  balanced  by  an  opposing 
force.  For  instance,  the  plumule 
r»f  Troftoiolum  Tnajus  (see  former 
Fig.  175)  moved  towards  the  dim 


movement  of  hypocotyl,  tnictnl 
on  vertical  gl.tss,  from  9.20 
A.M.  Sept.  12th  to  8.30  A.M. 
l.'ith.  The  upi^er  part  of  the 
t\%\xre  U  more  magnified  thnu 
the  lower  part.  If  the  whole 
course  had  b«en  traced,  the 
straight  upright  line  would 
have  beeD  much  longer.  Figure 
here  reduccti  to  one-third  ol 
the  original  scale. 


evening  b'gbt  in  a  slightly  zigzag 

Une   until   6.45  p.m.,  it  thou    returned  on   its   course   until 
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10.40  P.M.,  during  which  time  it  zigzagged  and  described  an 
ellipse  of  considerable  size.  The  hypocotyl  of  Brassica  olcracea 
(see  former  Fig.  173)  moved  in  a  straight  line  to  the  light  until 
0.15  P.M.,  and  then  from  the  light,  making  in  its  backward 
course  a  great  rectangular  bend,  and  then  returned  for  a  short 
distance  towards  the  former  source  of  the  light ;  no  observa- 
tions were  made  after  7.10  p.m.,  but  during  the  nijrht  it  re- 
covered its  vertical  position.  A  hypocotyl  of  Cassia  tora  moved 
in  the  evening  in  a  somewhat  zigzag  line  towards  the  failing 
light  until  6  p.m.,  and  was  now  bowed  20®  from  the  perpendi- 
cular; it  then  returned  on  its  course,  making  before  10.30  p.m. 
four  great,  nearly  rectangular  bends  and  almost  completing  an 
ellipse.  Several  other  analogous  cases  were  casually  observed, 
and  in  all  of  them  the  apogeotropic  movement  coidd  be  seen  to 
consist  of  modified  circumnutation. 

Apogeotropic  Movements  effected  by  the  aid  of  joints  or  pulvini. 
— Movements  of  this  kind  are  well  known  to  occur  in  the 
GraminesB,  and  are  effected  by  means  of  the  thickened  bases 
of  their  sheathing  leaves;  the  stem  within  being  in  this  part 
thinner  than  elsewhere.*  According  to  the  analogy  of  all  other 
pulvini,  such  joints  ought  to  continue  circunmutating  for  a 
long  period,  after  the  adjoining  parts  have  ceased  to  grow.  We 
therefore  wished  to  ascertain  whether  this  wte  the  case  with 
the  Graminece ;  for  if  so,  the  upward  curvature  of  their  stems, 
when  extended  horizontally  or  laid  prostrate,  would  be  explained 
in  accordance  with  our  view — namely,  that  apogeotropism 
results  from  modified  circumnutation.  After  these  joints  have 
curved  upwards,  they  are  fixed  in  their  now  position  by  increased 
growth  along  their  lower  sides. 

l.olium  pt^eune, — A  young  stem,  7  inches  in  height,  consist- 
ing of  3  internodes,  with  the  flower-head  not  yet  protruded, 
was  selected  for  observation.  A  long  and  very  thin  glass  fila- 
ment was  cemented  horizontally  to  the  stem  close  above  the 
second  joint,  3  inches  above  the  ground.  This  joint  was  subse- 
quently proved  to  be  in  an  active  condition,  as  its  lower  side 
swelled  much  through  the  action  of  apogeotropism  (in  the 
manner  described  by  De  Vries)  after  the  haulm  had  been 
fastened  down  for  24:  h.  in  a  horizontal  position.    The  pot  was 


♦  This  Btructuro  has  been  re-  die  Aufrichtung  des  gelngerteo 
ccntly  described  by  De  Vries  in  Getreides/  in  '  LandwirtljBchaft- 
aa    iutcreating    article,    <Ueber      liohe  Jahrbiicher/ 1880,  p.  473. 
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80  placed  that  the  end  of  the  filament  stood  beneath  the  2-inch 
object  glass  of  a  microscope  wiih  an  eye- piece  micrometer,  each 
division  of  which  equalled  yjri  of  an  inch.  The  end  of  the  fila- 
ment was  repeatedly  observed  during  6  h.,  and  was  seen  to  bo 
in  constiint  movement ;  and  it  crosj^i  5  divisions  of  the  micro- 
ii.eter  (-j^  inch)  in  2  h.  Occasionally  it  moved  forwards  by 
jerks,  some  of  which  were  ^duo  ^°^^  '"  length,  and  then  slowly 
retreated  a  little,  afterwards  again  jerking  forwards.  These 
oscillations  were  exactly  like  those  described  under  Brassica 
and  Dionaea,  but  they  occurred  only  occasionally.  We  may 
therefore  conclude  that  tliis  moderately  old  joint  was  continually 
circumnutating  on  a  small  scale. 

Ahpecurus  pratensis. — A  young  plant,  11  inches  in  height,  with 
the  flower-head  protruded,  but  with  the  florets  not  yet  expanded, 
had  a  glass  filament  fixed  close  alx>ve  the  second  joint,  at  a 
height  of  only  2  inches  alxjve  the  ground.  The  l>asal  intemixie, 
2  inches  in  length,  was  cemented  to  a  stick  to  prevent  any 
possibility  of  its  circumnutating.  The  extremity  of  the  filament, 
which  projected  about  SO*^  alx>ve  the  horizon,  was  often  observed 
during  24  h.  in  the  same  manner  as  in  the  last  case.  Whenever 
looked  at,  it  was  always  in  movement,  and  it  crossed  30  divisions 
of  the  micrometer  (/y  inch)  in  3i  h.;  but  it  sometimes  moved 
at  a  quicker  rate,  for  at  one  time  it  crossed  5  divisions  in  li  h. 
The  pot  had  to  be  moved  occasionally,  as  the  end  of  the  filament 
travelled  beyond  the  field  of  vision  ;  but  as  far  as  we  could 
judge  it  followed  during  the  daytime  a  semicircular  course ; 
and  it  certainly  travelled  in  two  di  fie  rent  directions  at  right 
angles  to  one  another.  It  sometime"^  oscillated  in  the  same 
manner  as  in  the  last  species,  some  of  tiie  jerks  forwards  being 
as  much  as  y^^  of  an  inch.  We  may  therefore  conclude  that 
the  joints  in  this  and  the  last  species  of  grass  long  continue  to 
circumnutate ;  so  that  this  movement  would  be  ready  to  be 
converted  into  an  apogeotropic  movement,  whenever  the  stem 
was  placed  in  an  inclined  or  horizontal  position. 

Movements  of  the  Flowyr-jfednnvlea  if  Oxalis  carnosa,  due  t» 
apogtotropism  and  other  /c/rct'f.— The  movements  of  the  main 
peduncle,  and  of  the  three  or  four  sub-peduncles  which  each 
main  peduncle  of  this  plant  bears,  are  extremely  complex,  and 
are  determined  by  several  distinct  causes.  Whilst  the  flowers 
are  expanded,  both  kinds  of  peduncles  circumnutate  about  the 
san-c  spot,  as  we  have  seen  (Fig  91)  in  the  fourth  chapter. 
But   soon   after  the  flowers   have   begun   to  wither  the  sub- 
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peduncles  bend  downwards,  and  this  is  due  to  epinasty;  for 
on  two  occasions  when  pots  were  laid  horizontally,  the  sub- 
peduncles  assumed  the  same  position  relatively  to  the  main 
peduncle,  as  would  have  been  the  case  if  they  had  remained 
upright;  that  is,  each  of  them  formed  with  it  an  angle  of 
about  40°.  If  they  had  lx}en  acted  on  by  geotropism  or  aphelio- 
tropism  (for  the  plant  was  illuminated  from  above),  they  would 
have  directed  themselves  to  the  centre  of  the  earth.  A  main 
peduncle  was  secured  to  a  stick  in  an  upright  jwsition,  and  one 
of  the  upright  sub-peduncles  wliich  ha<i  l)eeu  ol>served  circuin- 
nutating  whilst  the  flower  was  expanded,  continued  to  do  so  for 
at  least  24  h.  after  it  had  withered.  It  then  began  to  l^nd 
downwards,  and  after  36  h.  pointed  a  little  l>eneath  the  horizon. 
A  new  figure  was  now  begun  (A,  Fig.  188),  and  the  sub-peduncle 
was  traced  descending  in  a  zigzag  line  from  7.20  p.m.  on  the  19th 
t)  9  A.M.  on  the  22nd.  It  now  pointed  almost  perpendicularly 
downwards,  and  the  glass  filament  had  to  be  removed  and 
fastened  transversely  across  the  base  of  the  young  capsule. 
We  expected  that  the  sub-peduncle  would  have  been  motionless 
in  its  new  position ;  but  it  continued  slowly  to  swing,  like  a 
pendulum,  from  side  to  side,  that  is,  in  a  plane  at  right  angles 
to  that  in  which  it  had  descended.  This  circumnutating  mo  ve- 
il.ent  was  observed  from  9  a.m.  on  22ud  to  9  a.m.  24th,  as  shown 
at  B  in  the  diagram.  We  were  not  able  to  observe  this  par- 
ticular sub-peduncle  any  longer;  but  it  would  certainly  have 
gone  on  circumnutating  until  the  capsule  was  nearly  ripe  (which 
requires  only  a  short  time),  and  it  would  then  have  moved 
upwards. 

The  upward  movement  (C,  Fig.  188)  is  effected  in  part  by  tlio 
whole  sub-peduncle  rising  in  the  same  manner  as  it  had  pre- 
viously descended  through  epinasty — namely,  at  the  joint  where 
united  to  the  main  peduncle.  As  this  upward  movement 
occurred  with  plants  kept  in  the  dark  and  in  whatever  position 
the  main  peduncle  was  fastened,  it  could  not  have  been  caused 
by  heliotropism  or  apogeotropism,  but  by  hyponasty.  Besides 
this  movement  at  the  joint,  there  is  another  ot  a  very  different 
kind,  for  the  sub-peduncle  becomes  upwardly  bent  in  the  middle 
part.  If  the  sub-peduncle  happens  at  the  time  to  be  inclined 
much  downwai'ds,  the  upward  curvature  is  so  great  that  the 
whole  forms  a  hook.  The  upper  end  bearing  the  capsule,  thus 
always  places  itself  upright,  and  as  this  occurs  in  darkness,  and 
in  whatever  position  the  main  peduncle  may  have  been  secured, 
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the  upward  cmratiire  cmnnat  be  doe  to  hcliotropisin  or  hypc^ 
nasty,  but  to  apogaotiopism. 


; 


yig.  18^. 


*-. 


OxalU  eamosa :  moTements  of  flower-peduncle,  traced  on  a  Tertical  flan : 
A,  ^pinastic  downward  movement ;  B,  drcamnatation  whilst  depend* 
inf  vertically ;  C,  subsequent  upward  moTement,  due  to  apogeotroplna 
and  lirponastr  combined 
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In  order  to  trace  this  upward  inoveroent,  a  filament  was  fixed 
to  a  sub-peduncle  bearing  a  capsule  nearly  ripe,  which  was 
l^eginning  to  bend  upwards  by  the  two  means  just  described.  Its 
course  was  traced  (see  C,  Fig.  188)  during  53  h.,  by  which  time 
it  had  become  nearly  upright  The  course  is  seen  to  be  strongly 
zigzag,  together  with  some  little  loops.  We  may  therefore  con- 
clude that  the  movement  consists  of  modified  circumnutation. 

The  several  species  of  Oxalis  probably  profit  in  the  following 
manner  by  their  sub-peduncles  first  bending  downwards  and 
then  upwards.  They  are  known  to  scatter  their  seeds  by  the 
bursting  of  the  capsule;  the  walls  of  which  are  so  extremely 
thin,  like  silver  paper,  that  they  would  easily  be  permeated  by 
rain.  But  as  soon  as  the  petals  wither,  the  sepals  rise  up  and 
enclose  the  young  capsule,  forming  a  perfect  roof  over  it  as 
soon  as  the  sub-peduncle  has  bent  itself  downwards.  By  its 
subsequent  upward  movement,  the  capsule  stands  when  ripe 
at  a  greater  height  above  the  ground  by  twice  the  length  of  the 
sub-peduncle,  than  it  did  when  dependent,  and  is  thus  able 
to  scatter  its  seeds  to  a  greater  distance.  The  sepals,  which 
enclose  the  ovarium  whilst  it  is  young,  present  an  additional 
adaptation  by  expanding  widely  when  the  seeds  are  ripe,  so  as 
not  to  interfere  with  their  dispersal.  In  the  case  of  Oao/^ 
aretosella,  the  capsules  are  said  sometimes  to  bury  themselves 
under  loose  leaves  or  moss  on  the  groimd,  but  this  cannot  occur 
with  those  of  0.  carnosa,  as  the  woody  stem  is  too  high. 

Oxalis  acetoidla, — The  peduncJos  are  furnished  with  a  joint  in 

Fig.-l8'J. 


OxgHb  aoetosetta :  course  pursncd  by  the  upper  part  of  a  pedancle,  whilst 
rising,  traced  from  11  a.m.  June  1st  to  9  a.m.  3rd.  Figure  here  Tf>- 
dnced  to  one-half  of  the  original  scale. 


the  middle,  so  that  the  lower  part  au.«wors  to  the  main  peduncle 
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and  the  upjKjr  part  to  one  of  the  sub-pednncles  of  0.  atmosa. 
The  upper  part  bends  downwards,  after  the  flower  has  liegiin 
to  wither,  and  the  whole  peduncle  then  forms  a  hook;  that 
this  Ixjnding  is  due  to  epinasty  we  may  infer  from  the  case  ol 
(>.  rarnosa.  When  the  pod  is  nearly  ripe,  the  upper  part 
straightens  itself  and  becomes  erect ;  and  this  is  due  to  hypt>- 
nasty  or  apogeotropism,  or  both  combined,  and  not  to  helio- 
tropism,  for  it  occurred  in  darkness.  The  short,  hooked  part  of 
the  peduncle  of  a  cleistogamic  flower,  bearing  a  pod  nearly  ripe, 
was  observed  in  the  dark  during  three  days.  The  apex  of  the 
pod  at  first  pointed  perjiendicularly  down,  but  in  the  course  of 
three  days  rose  90°,  so  that  it  now  projected  horizontally.  The 
course  during  the  two  latter  days  is  shown  in  Fig.  189;  and 
it  may  be  seen  how  greatly  the  peduncle,  whilst  rising,  circum- 
nutated.  The  lines  of  chief  movement  were  at  right  angles 
to  the  plane  of  the  originally  hooked  part.  The  tracing  was 
not  continued  any  longer ;  but  after  two  additional  days,  the 
peduncle  with  its  capsule  had  become  straight  and  stood 
upright. 

Concluding  BeniarJcs  on  Apogeotropism, — When  apo- 
geotropism is  rendered  by  any  means  feeble,  it  acts, 
as  shown  in  the  several  foregoing  cases,  by  increasing 
the  always  present  circumnutating  movement  in  a 
direction  opposed  to  gravity,  and  by  diminishing  that 
in  the  direction  of  gravity,  as  well  as  that  to  either 
side.  The  upward  movement  thus  becomes  unequal 
in  rate,  and  is  sometimes  interrupted  by  stationary 
periods.  Whenever  irregular  ellipses  or  loops  are  still 
formed,  tlieir  longer  axes  are  almost  always  directed 
in  the  line  of  gravity,  in  an  analogous  manner  as 
occurred  with  heliotropic  movements  in  reference  to 
the  light.  As  apogeotropism  acts  more  and  more 
energetically,  ellipses  or  loops  cease  to  be  formed,  and 
the  course  becomes  at  first  strongly,  and  then  less  and 
less  zigzag,  and  finally  rectilinear.  From  thip  grada- 
tion in  the  nature  of  the  movement,  and  more  especially 
from  all  growing  parts,  which  alone  (except  when  pul- 
vini  are  present)  are  acted  on  by  apogeotropism,  con- 
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tinually  circumnutating,  we  may  conclude  that  even 

a  rectilinear  course  is  merely  an  extremely  modified 

form  of  circumnutation.     It  is  remarkable  that  a  stem 

or  other  organ  which  is  highly  sensitive  to  apogeo- 

tropism,  and  which  has  bowed  itself  rapidly  upwards 

in  a  straight  line,  is  often  carried  beyond  the  vertical, 

as  if  by  momentum.     It  then  bends  a  little  backwards 

to  a  point  round  which  it  finally  circumnutates.     Two 

instances  of  this  were  observed  with  the  hypocotyls  of 

Beta  vulgaris^  one  of  which  is  shown  in  Fig.  183,  and 

two  other  instances  with  the  hypocotyls  of  Brassica. 

This  momentum-like  movement  probably  results  from 

the  accumulated  effects  of  apogeotropism.      For  the 

sake  of  observing  how  long  such  after-effects  lasted, 

a  pot  with  seedlings  of  Beta  was  laid  on  its  side  in  the 

(lark,  and  the  hypocotyls  in  3  h.  15  m.  became  highly 

inclined.     The  pot,  still  in  the  dark,  was  then  placed 

upright,  and  the  movements  of  the  two  hypocotyls  were 

traced ;  one  continued  to  bend  in  its  former  direction, 

now  in  opposition  to  apogeotropism,  for  about  37  m., 

perhaps  for  48  m. ;    but  after  61  m.  it  moved  in  an 

opposite  direction.      The  other   hypocotyl  continued 

to   move   in    its    former   course,   after   being    placed 
upright,  for  at  least  37  m. 

Different  species  and  different  parts  of  the  same 
species  are  acted  on  by  apogeotropism  in  very  dif- 
ferent degrees.  Young  seedlings,  most  of  which  cir- 
cumnutate  quickly  and  largely,  bend  upwards  and 
become  vertical  in  much  less  time  than  do  any  older 
plants  observed  by  us;  but  whether  this  is  due  to 
their  greater  sensitiveness  to  apogeotropism,  or  merely 
to  their  greater  flexibility  we  do  not  know.  A  hypo- 
cotyl of  Beta  traversed  an  angle  of  109°  in  3  h.  8  m., 
and  a  cotyledon  of  Phalaris  an  angle  of  130*^  in  4  h. 
30  m.     On  the  other  hand,  the  stem  of  a  hcrbaceouH 
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Verbena  rose  90^  in  about  24  h. ;  that  of  Rubus  67^ 
in  70  k ;  that  of  Cytisus  TO'',  in  72  h. ;  that  of  a  young 
American  Oak  only  37^  in  72  h.  The  stem  of  a 
young  C'jperm  alternif alius  rose  only  ll""  in  96  h. ; 
the  bending  being  confined  to  near  its  base.  Though 
the  sheath-like  cotyledons  of  Phalaris  are  so  extremely 
sensitive  to  apogeotropism,  the  first  true  leaves  which 
protrude  from  them  exhibited  only  a  trace  of  this 
action.  Two  fronds  of  a  fern,  Nephrodium  moUe^  both 
of  them  young  and  one  with  the  tip  still  inwardly 
curled,  were  kept  in  a  horizontal  position  for  46  h., 
and  during  this  time  they  rose  so  little  that  it  was 
doubtful  whether  there  was  any  true  apogeotropic 
movement. 

The  most  curious  case  known  to  us  of  a  difference 
in  sensitiveness  to  gravitation,  and  consequently  of 
movement,  in  different  parts  of  the  same  organ,  is  that 
offered  by  the  petioles  of  the  cotyledons  of  Ipomosa 
lepiophi/Ua.  The  basal  part  for  a  short  length  where 
united  to  the  undeveloped  hypocotyl  and  radicle  is 
strongly  geotropic,  whilst  the  whole  upper  part  is 
strongly  apogeotropic.  But  a  portion  near  the  blades 
of  the  cotyledons  is  after  a  time  acted  on  by  epinasty 
and  curves  downwards,  for  the  sake  of  emerging  in  the 
form  of  an  arch  from  the  ground;  it  subsequently 
straightens  itself,  and  is  tlion  again  acted  on  by  apo- 
geotropism. 

A  branch  of  Ca<:urhita  ovifera^  placed  horizontally, 
moved  upwards  during  7  h.  in  a  straight  line,  until  it 
stood  at  40^  above  the  horizon ;  it  then  began  to  cir- 
cumnutate,  as  if  owing  to  its  trailing  nature  it  had  no 
tendency  to  rise  any  higher.  Another  upright  branch 
was  secured  to  a  stick,  close  to  the  base  of  a  tendril, 
and  the  pot  was  then  laid  horizontally  in  the  ('ark. 
In  this  position  the  tendril  circumnutated  and  made 
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several  large  ellipses  during  14  h.,  as  it  likewise  did 
on  the  following  day;  but  during  this  whole  time  it 
was  not  in  the  least  affected  by  apogeotropism.  On  the 
other  hand,  when  branches  of  another  Cucurbitaeeous 
ph\nt,  Echinocytis  lobata,  were  fixed  in  the  dark  so  tliat 
the  tendrils  depended  beneath  the  horizon,  these  began 
immediately  to  bend  upwards,  and  whilst  thus  moving 
they  ceased  to  circumnutate  in  any  plain  manner; 
but  as  soon  as  they  had  become  horizontal  they  re- 
commenced to  revolve  conspicuously.*  The  tendrils 
of  Passijlora  gracilis  are  likewise  apogeotropic.  Two 
branches  were  tied  down  so  that  their  tendrils  pointed 
many  degrees  beneath  the  horizon.  One  was  observed 
for  8  h.,  during  which  time  it  rose,  describing  two 
circles,  one  above  the  other.  The  other  tendril  rose 
in  a  moderately  straight  line  during  the  first  4  h., 
making  however  one  small  loop  in  its  course ;  it  then 
stood  at  about  45°  above  the  horizon,  where  it  circum- 
nutated  during  the  remaining  8  h.  of  observation. 

A  part  or  organ  which  whilst  young  is  extremely 
sensitive  to  apogeotropism  ceases  to  be  so  as  it  grows 
old ;  and  it  is  remarkable^  as  showing  the  independence 
of  this  sensitiveness  and  of  the  circumnutating  move- 
ment, that  the  latter  sometimes  continues  for  a  time 
after  all  power  of  bending  from  the  centre  of  the  earth 
has  been  lost.  T)ius  a  seedling  Orange  bearing  only 
3  young  leaves,  with  a  rather  stiff  stem,  did  not  curve 
in  the  least  upwards  during  24  h.  whilst  extended 
horizontally ;  yet  it  circumnutated  all  the  time  over 
a  small  space.  The  hypocotyl  of  a  young  seedling 
of  Cassia  tora,  similarly  placed,  became  vertical  in 
12  h.;  that  of  an  older  seedling,  IJ  inch  in  height, 


♦  For  details  sco  *  The  Jilovemcnts  and  Habits  of  Climbing  riants. 
1875,  p.  131. 
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became  so  in  ^h.:  and  tiiat  of  another  still  olJor 
ODe,  IJ  incL  in  htrighi,  temained  homontal  <J  iring 
two  days,  but  <!:stinctlr  eiri-uniQQtatod  during  this 
whole  time. 

When  the  ootyk-'i'/ns  of  I'halarij  ur  Avfna  are  lai<I 
horizontally,  the  upperm-fSt  part  lirst  bends  upwards, 
and  then  the  lower  part ;  consequently,  after  the  lower 
part  has  become  much  curved  upwards,  the  upper  part 
is  compelled  to  curve  backwards  in  an  opposite  direc- 
tion, in  order  to  straighten  itself  and  to  stand  ver- 
tically; and  this  subsequent  straightening  process  is 
likewise  due  to  apogeolropism.  The  upper  part  of 
8  young  cotyle^ions  of  Phalaris  were  made  rigid  by 
being  cemented  to  thin  glass  rods,  so  that  this  part 
could  not  bend  in  the  least ;  nevertheless,  the  basal 
part  was  not  prevented  from  curving  upward.  A  stem 
or  other  organ  which  bends  upwards  through  apoge«.>- 
tropism  exerts  considerable  force ;  its  own  weight, 
which  has  of  course  to  be  lifleil,  was  sufficient  in 
almost  every  instance  to  cause  the  [>urt  at  first  to  bend 
a  little  downwards;  but  the  downward  course  was 
often  rendered  oblique  by  the  simultaneous  circum- 
nutating  movement.  The  cotyledons  of  Avena  placetl 
horizontally,  besides  lifting  their  own  weight,  were 
able  to  furrow  the  soft  sand  above  ihem,  eo  as  to  leave 
little  crescentic  open  spaces  on  the  lower  sides  of  their 
bases;  and  this  is  a  remarkable  proof  of  the  force 
exerted. 

As  the  tips  of  the  cotyleduus  of  Phalnris  and  Avena 
bend  upwards  through  the  action  of  apogeotropism 
before  the  basal  part,  and  as  these  same  tips  when 
excited  by  a  lateral  light  transmit  some  influence  to 
the  lower  part,  c^iusing  it  to  bend,  wo  thought  that 
the  same  rule  might  hold  good  with  apogeotropism. 
Consequently,  the  tips  of  7  cotyledons  of  Phalaris  were 
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cut  oflf  fcr  a  length  in  three  cases  of  '2  inch  and  in 
the  four  other  cases  of  "14,  "12,  •!,  and  '07  inch.  But 
these  cotyledons,  after  being  extended  horizontally, 
bowed  themselves  upwards  as  effectually  as  the  un- 
mutilated  specimens  in  the  same  pots,  showing  that 
sensitiveness  to  gravitation  is  not  confined  to  their  tips. 

GEOTROnSM. 

This  movement  is  directly  the  reverse  of  apogeo- 
tropism.  Many  organs  bend  downwards  through  epi- 
nasty  or  apheliotropism  or  from  their  own  weight ;  but 
we  have  met  with  very  few  cases  of  a  downward  move- 
ment in  sub-aerial  organs  due  to  geotropism.  We 
shall,  however,  give  one  good  instance  in  the  following 
section,  in  the  case  of  TrifoUum  suhierraneum^  and 
probi^bly  in  that  of  Arachis  hypogaea. 

On  the  other  hand,  all  roots  which  penetrate  the 
ground  (including  the  modified  root-like  petioles  of 
Megarrhiza  and  Ipomoea  leptophylla)  are  guided  in  their 
downward  course  by  geotropism ;  and  so  are  many 
aerial  roots,  whilst  others,  as  those  of  the  Ivy,  appear 
to  be  indifferent  to  its  action.  In  our  first  chapter  the 
movements  of  the  radicles  of  several  seedlings  were 
described.  We  may  there  see  (Fig.  1)  liow  a  radicle 
of  the  cabbage,  when  pointing  vertically  upwards  so 
as  to  be  very  little  acted  on  by  geotropism,  circum- 
nutated ;  and  how  another  (Fig.  2)  which  was  at  first 
])laced  in  an  inclined  position  bowed  itself  downwards 
in  a  zigzag  line,  sometimes  remaining  stationary  for  a 
time.  Two  other  radicles  of  the  cabbage  travelled 
downwards  in  almost  rectilinear  courses.  A  radicle  of 
the  bean  placed  upright  (Fig.  20)  made  a  great  sweep 
and  zigzagged ;  but  as  it  sank  downwards  and  was 
more  strongly  acted  on  by  geotropism,  it  moved  in  an 


almost  stni^Lt  cv :;rst.  A  rs iioie  o:  i.'ui-mliiia,  Jirociod 
upw&^is  iFi;:,  i!'.-  ,  i->'.~-  zi^zi^^-  i  ut  first,  and  de- 
scribe! smaJ]  i.>  :?:  :;  li-'.-n  ncTr-i  in  a  siraiglit  line. 
Nearly  tin.-  s;i:i.-r  r::;",;  «.;.«  ■.i-srrr.j-l  wiiL  the  RiJicles 
iii  Z:a  nii-r.  liu:  i:.^  l-.-s;  cvi.irnov  vi  i!ie  intimate 
cuniiecti'-n  l-tn—.-n  lir.'^ininuiaii'iii  and  ;riiiint]ii5m 
was  affur-l-;- 1  \-\  tiiv  r,i:iv!'-5  "l'  riiaK->'luji.  Vii-ia.  and 
Qiiorcus,  aiid  in  n  1-ss  d<::ree  l-y  tli''sc-  <.>!'  Z<.-a  and 
j^sculus  (soe  Fi;:<.  M,  U',  1^1,  41,  an  1  -j-m  I'or  when 
these  were  conipiril-d  t>j  2P->w  and  slide  dnwn  lii»:lily 
iacliDe'l  sur[:n>r3  >a  ::ii"k<.-.l  irlass,  tin  y  left  distinotly 
serpentine  tracks. 

77.e  baru-.-  cf  ■'■tfl-c  j-u  ■  t :  T.;/- .u  :  >..!. ,  r<i,."..i— The 
flower-htad^  of  thiB  i-knl  are  rcuiLirkalilc  from  praliitinp  only 
3  or  4  perfect  flowt-re,  which  are  tiiualed  tilcriorly.  All  the 
other  manv  flowers  nUirt,  and  art-  modilieil  into  rifij  (loiati), 
with  a  bundle  of  vcascU  running:  ufi  their  ceniies.  After  n  time 
5  long-,  elastic,  claw-liko  projection.':,  which  represent  the  divi< 
sions  of  the  calyx,  are  develoiicd  on  th«ir  Eunimits.  As  nxin  na 
the  perft-ct  flowers  wither  tlit-y  I«di1  ilowiiwarJi:,  fiippusing  tlie 
petlunclo  to  stand  upright,  and  they  then  cl»i^-ly  surronnd  its 
np)«r  part.  Tliia  nio^tmcnt  is  due  tocpiiiasly,  as  is  likrwise 
tlic  cn>«  with  the  flowers  nf  71  »r/c«*.  The  innwrfcct  ccntml 
floweni  uttinintely  follow,  oiici  nftir  the  oilier,  the  sotue  comw. 
Whilst  the  jwrfect  flowers  aro  thns  bending  down,  the  whole 
iwvluncle  curves  downwards  and  incrmses  niucli  in  leDgth, 
nntil  thb  flowcr-iiead  reaihis  the  prunnd.  Yauchur  *  says  that 
when  the  plant  is  ra  iihiccd  that  the  heads  cinniot  nion  reach 
tlio  ground,  the  pcsliiiicles  grow  to  the  ostraordinary  length  of 
frain  6  to  9  inches,  lu  wluLtever  )Hisition  the  liraiichcs  niny  Ui 
placol,  the  upper  part  nf  the  )H'dnnclc  at  lirKt  iK'iidM  vertically 
upwards  through  beliotropism;  but  oh  BiH)n  us  tUo  fiowcrs 
Im^u  to  wither  the  downwunl  curvature  of  thu  whole  jteduni'lo 
comnienceB.  As  this  hitter  niovcnient  oci'iirred  in  ci>inplu'o 
darkness,  and  with  jicduncles  iiriNing  fniin  upright  and  frnin 
dependent  hranchcB,  it  ciuniot  \<o  fine  to  aphi-lintniiiiHm  or  lo 
epinasty,  but  must  bo  attributed  to   gootroiiiHin.     Hindcei) 

*  •Hint  Phjo.  <k«ntnte<<ri-:nn<|>'','t'<m.  ii   INII,  p.  100 
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upright  flower-heads,  arising  from  branches  in  all  sorts  of  posi- 
tions, on  plants  growing  in  a  warm  greenhouse,  were  marked 
with  thread,  and  after  24  h.  six  of  them  were  vertically  depen- 
dent ;  these  therefore  had  travelled  tlirongh  180°  in  this  time 
Ten  were  extended  sub-horizontally,  and  the^e  had  moved 
through  about  90°.  Three  very  young  peduncles  bad  as  yet 
moved  only  a  little  downwards,  but  after  an  additional  24  h. 
were  greatly  inclined. 

At  the  time  when  the  flower-heads  reach  the  ground,  the 
younger  imperfect  flowers  in  the  centre  ai-e  still  pressed  closely 
together,  and  form  a  conical  projection ;  whereas  the  perfect  and 
imperfect  flowers  on  the  outside  are  upturned  and  closely  su]> 
round  the  peduncle.  They  are  thus  adapted  to  offer  as  little 
resistance,  as  the  case  admits  of,  in  penetrating  the  ground^ 
though  the  diameter  of  the  flower-head  is  still  considerable. 
The  means  by  which  this  penetration  is  effected  will  presently 
be  described.  The  flower-heads  are  able  to  bury  themselves  in 
common  garden  mould,  and  easily  in  sand  or  in  fine  sifted 
cinders  packed  rather  closely.  The  depth  to  which  they  pene- 
trated, measured  from  the  surface  to  the  base  of  the  head,  was 
between  i  and  i  inch,  but  in  one  case  rather  above  06  inch. 
With  a  plant  kept  in  the  house,  a  head  partly  buried  itself  in 
sand  in  6  h. :  after  3  days  only  the  tips  of  the  rcflexed  calyces 
were  visible,  and  after  6  days  the  whole  had  disappeared.  But 
with  plants  growing  out  of  doors  we  believe,  from  casual  obser* 
vations,  that  they  bury  themselves  in  a  much  shorter  time. 

After  the  heads  have  buried  themselves,  the  c<>ntral  aborted 
flowers  increase  considerably  in  length  and  rigidity,  and 
become  bleached.  They  gradually  curve,  one  after  the  other, 
upwards  or  towards  the  peduncle,  in  the  same  manner  as 
did  the  perfect  flowers  at  first.  In  thus  moving,  the  long  claws 
on  their  summits  carry  with  them  some  earth.  Henc«  a  flower- 
hcad  which  has  Ixicn  buried  for  a  sufficient  time,  forms  a  rather 
large  ball,  consisting  of  the  aborted  flowers,  separated  from  one 
another  by  earth,  and  surrounding  the  little  potls  (the  product 
of  the  perfect  flowers)  which  lie  close  round  the  upper  part  of 
the  peduncle.  The  calyces  of  the  perfect  and  imperfect  flowers 
are  clothed  with  simple  and  multicellular  hairs,  which  have  the 
power  of  absorption ;  for  when  placed  in  a  weak  solution  of 
carlx)nato  of  ammonia  (2  gr.  to  1  oz.  of  water)  their  proto- 
plasmic contents  immediately  became  aggregated  and  afterwards 
displayed  the  usual  slow  movements.     This  clover  generally 
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grows  iu  dry  soil,  but  whether  the  power  of  al)SorptJon  by  tho 
hairs  on  tlie  buried  flower-heads  is  of  aoy  importance  to  them 
we  do  not  know.  Only  a  few  of  the  flower-heads,  which  from 
their  position  are  not  able  to  reach  tho  ground  and  bury  them- 
selves, yield  seeds ;  whereas  the  buried  ones  never  failed,  as  far 
as  we  observed,  to  produce  as  many  seeds  as  there  had  been 
perfect  flowers. 
We  will  now  consider  the  movements  of  tho  peduncle  whilst 


Fig.  190. 


itam.Da'^ 


ijyxm^^^ 


Trifo'ium  sul'terraneum  :  downward  ipovement  of  peduncle  from  19^ beneath 
the  horizon  to  a  nearly  vertically  dependent  position,  traced  from 
1  i  A.n.  Juir  22nd  to  the  mornin.:  of  '25th.  Glass  filament  fixed 
transversely  across  peduncle,  at  base  of  flower-head. 

curving  down  to  the  ground.  AVe  have  seen  in  Chap.  IV., 
Fig.  9*2,  p.  225,  that  an  upright  young  flower-head  circumnu- 
tated  conspicuously;  and  that  this  movement  continued  after 
the  i)eduncle  had  begun  to  bend  downwards.  The  same 
peduncle  was  observed  when  inclined  at  an  angle  of  19°  a>»c  to 
the  horizon,  and  it  circumnutatcd  during  two  dajs.    Another 
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Fig.  191. 


which  was  already  curved  36°  beneath  the  horizon,  was  observed 
from  11  A.M.  July  22nd  to  the  27th,  by  which  latter  date  it 
had  become  vertically  dependent.  Its  course  during  the  first 
12  h.  is  shown  in  Fig.  190,  and  its  position  on  the  three 

succeeding  mornings  until  the  25th; 
when  it  was  nearly  vertical.  During 
the  first  day  the  peduncle  clearly 
circumnutated,  for  it  moved  4  times 
down  and  3  times  up;  and  on  each 
succeeding  day,  as  it  sank  downwards, 
tlie  same  movement  continued,  but 
was  only  occasionally  observed  and 
was  less  strongly  marked.  It  should 
TriUiumsu^tcrravenm:  cir-  ^^  stated  that  these  peduDcles  we.G 
cumnutating  movement  of  observed  under  a  double  skylight  in 
peduncle,  whilst  the  flower-  the  house,  and  that  they  generally 
head  was  burying  itself  in  ^^^^^^^  downwards  very  much   more 

snnd,  with  the  reflexcd  tips      ,,,,,,  ,      ^ 

of  the  calyx  still  visible;  slowly  than  those  on  plants  growing 
traced  from  8  A.M.  July  out  of  doors  or  in  the  greenhouse. 
2»)th  to   9  A.M.  on  27th.       The  movement  of  another  vertically 
ver^elJ'Tc^ts  ""pedunde^  dependent  peduncle  with  the  flower- 
-near  flower- head.  head  standing  half  an  inch  above  the 

ground,  was  traced,  and  again  when 
it  first  touched  the  ground;  in  both  cases  irregular  ellipses 
were  described  every  4  or  5  h.    A  peduncle  on  a  plant  which 

had  been  brought  into  the  house, 
l^'n-  ^^--  moved  from  an  upright  into  a  ver- 

tically   dependent   position    in  a 
single  day;   and    hei-e   the  course 
(luring  the  first  12  h.  was  nearly 
straight,  but  with  a  few  well-mark<  d 
rrijo'iu  n  suiAen  iweum :  move-   ^Jgzags  which  betrayed  the  essential 
ment  of  same  peduncle,  with   nature  of  the  movement.    Lastly.. 
flower-head  completely  buried   the  circumnutation  of  a  pedimclo 

beneath  the  sand ;  traced  from    „.  ^„  *««^«^i   ^„«:„«.  ki  u     .„u:i„a   ,•„ 

u  .  «  f^?  ir;„  „  .»  i.,i..ou*i>    was  traced  auring  51  h.  whilst  in 

8A.M.to7.l5p.M.  on  July2yth.  .      ri  ■         •.     ir     i  i-        i 

the  act  of  burymg  itself  obliquely 
in  a  little  heap  of  sand.  After  it  had  buried  itself  to  such  a 
depth  that  the  tips  of  the  sepals  were  alone  visible,  the  above 
figure  (Fig.  191)  was  traced  during  25  h.  When  the  flower- 
head  had  completely  disappeared  beneath  tho  sand,  another 
tracing  was  made  during  11  h.  45  m.  (Fig.  192) ;  and  here  again 
we  see  that  the  peduncle  was  circumnutatinc. 
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Any  ooe  who  "ii;  ol*errT  k  £:»;T-iv-*i '  irt^j  i:M'.f,r,u  \* 
conTioced  that  t*=  r^-'d:.:  :  t---?:.'^  d-.v  tj  ;L*  i-ji-.iESf*! 
circiimnDtAtion  of  te  j«^i'::r;>.  j'.sj"i  i-  :?  l-.— j:.;  lan  ;.t  -l.t 
act  Cons iderini:  that  tir  3  ■"■:;-:  *i-ii  a?*  v-rj  ;\i;!.:.  that  ihe 
pedDDcleeaie  long,  ttis,  *;.i  r.i;''*.  \:.i ;!. ,:  :;.■  y  a^.^<•  frr-m 
flexible  brancbis,  it  if  iicr-r-i;"'  ^e  iLi;  iL  j','  o^  a.'  i>;Ll  iis  oiit 
of  these  flower-heaA*  w^Li  tr^^Tn;*-  li.^  ^T.-;:.i  !■;-  B.f-ans  of 
tlie  gTOTiDg  force  of  the  i^::r.  'Ir,  :::.!■=#  ii  »  ere  a:  Ji4  bv  the 
locking  moTemect.  A:;>r  a  f .■«'^r-l evi  l.i=  r-nttratt^I  the 
groimd  to  a  sniaU  dt-pth.  ac>t:.er  zn-l  *3c,sM  •;:■*  cy  comes  iuui 
play;  the  central  n£:d  abont-i  f  :<>cr«,  each  teniiitiaij&^  in  Ave 
long  dawE,  carve  up  loiari-s  the  ytdTini:'.^ ;  iiod  in  >ioiui;  ni 
can  hatdly  feil  to  drag  ti*  L«i.i  d'xni  ;o  a  (.ifcaicr  depth,  aideit 
88  this  action  is  bj  the  ciror.D'^nuta'.i;:?  n.i'jvf  meLt,  which  cm- 
tianes  after  the  flo«er-lie*i  has  comfktely  biirio"!  itwilf.  Tlie 
aborted  flowers  thus  act  E>>nK:lLitg  like  the  bands  of  the  mole, 
which  force  the  earth  ba-'-kvardi^  ai:d  the  boly  forwuiiK 

It  is  well  known  that  the  seed-caf^ules  of  Tarioiis  widely 
distinct  plants  either  burr  themeelTes  in  tlie  ground,  or  are 
prodaccd  from  im[;erftct  fljwers  detelopeil  i^encath  the  Karfucc. 
Besides  the  present  «L=e,  two  other  wtll-maiked  instances  will 
be  immediately  giTen.  It  is  probable  tb»t  one  c-hief  pnod  tliu.s 
gained  is  the  protection  of  the  seeds  fromaniniaU  wliic-h  prt-y  on 
them.  In  the  case  of  T.  luUtriai-ewa,  tlic  ».i.-iIk  arc  not  only 
concealed  by  being  buriul,  but  are  likewiee  protected  by  being 
closely  snrronnrleil  by  tljf  ritnd,  aliorted  flowtrs.  \Vc  may  the 
more  confidently  infer  tliat  protection  is  here  aimed  at.  liecause 
tlie  seeds  of  ecvtml  K]X'i.-ic-s  in  this  same  genus  arc  protected  in 
other  ways  ;*  namely,  by  the  RwclllDg  and  closure  of  the  calyx, 
or  by  the  persistence  and  bending  down  of  tlic  standard-petal,  ftc. 
But  the  most  curious  instance  is  that  of  T.  ylobvsum,  in  which 
the  upper  flowers  arc  sterile,  as  in  T.  su'i'irraiirum,  tmt  are  hero 
developed  into  largo  brushes  of  hairs  wliieli  envelop  imtl  iirotct 
the  seed-bearing  iiowers.  Keverlholess,  in  alt  these  cases  the 
capsulcB,  with  their  sewls,  may  profit,  as  Mr.  T.  Thiselton  Dyer 
has  remarked,!  by  their  being  kept  somewhat  ihini|r  and  Iho 
advantage  of  such  dampness  i)erhapB  throws  light  on  the  \trv- 
eenco  of  the  absorbent  Imirs  on  the  buried  flower-hcoils  of  T.  wi?-. 
Uri-aiieiim.     According  to  Mr.  ISenthiim,  as  quotiil  by  Jlr.  J>jcr, 
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the  prostrate  habit  of  Edianthemum  prostratum  "brings  the 
capsules  in  contact  with  the  surface  of  the  ground,  postpones 
their  maturity,  and  so  favours  the  seeds  attaining  a  larger  size." 
The  capsules  of  Cyclamen  and  of  Oxalis  acetostUa  are  only  occa- 
sionally buried,  and  this  only  beneath  dead  leaves  or  moss.  If 
it  be  an  advantage  to  a  plant  that  its  capsules  should  be  kept 
damp  and  cool  by  being  laid  on  the  gi-oimd,  we  have  in  these 
latter  cases  the  first  step,  from  which  the  ix)wer  of  penetrating 
the  ground,  with  the  aid  of  the  always  present  movement  of 
circumnutation,  might  afterwards  have  been  gained. 

Arachis  hypigosa, — The  flowers  which  bury  themselves,  rise 
from  stiff  branches  a  few  inches  above  the  ground,  and  stand 
upright.  After  they  have  fallen  off,  tlio  gynophore,  that  is  tlie 
part  which  supports  the  ovarium,  grows  to  a  great  length,  even 
to  3  or  4  inches,  and  bends  perpendicularly  downwards.  It 
resembles  closely  a  peduncle,  but  has  a  smooth  and  pointed 
apex,  which  contains  the  ovules,  and  is  at  first  not  in  the  least 
enlarged.  The  apex  after  reaclung  the  ground  penetrates  it,  in 
one  case  observed  by  us  to  a  depth  of  1  inch,  and  in  another 
to  0*7  inch.  It  there  becomes  developed  into  a  large  pod. 
Flowers  which  are  seated  too  high  on  the  plant  for  the  gyno- 
phore to  reach  the  ground  are  said  *  never  to  produce  pods. 

The  movement  of  a  young  gynophore,  rather  under  an  inch 
in  length  and  vertically  dependent,  was  traced  during  46  h.  by 
means  of  a  glass  filament  (with  sights)  fixed  transversely  a 
little  above  the  apex.  It  plainly  r».ircumnutated  (Fig.  193) 
whilst  increasing  in  length  and  growing  downwards.  It  was 
then  raised  up,  so  as  to  be  extended  almost  horizontally,  and 
the  terminal  part  curved  itself  downwards,  following  a  nearly 
straight  course  during  12  h.,  but  with  one  attempt  to  circum- 
nutate,  as  shown  in  Fig.  194.  After  24  h.  it  had  become  nearly 
vertical.  Whether  the  exciting  cause  of  the  downward  move- 
ment is  geotropism  or  apheliotropism  was  not  ascertained ;  but 
probably  it  is  not  apheliotropism,  as  all  the  gynophores  grew 
straight  down  towards  the  ground,  whilst  the  light  in  the  hot- 
house entered  from  one  side  as  well  as  from  above.  Another 
and  older  gynophore,  the  apex  of  which  had  nearly  reached  the 
ground,  was  observed  during  3  days  in  the  same  manner  as  the 
first-mentioned  short  one ;  and  it  was  found  to  be  always  circum- 
Eutating.    During  the  first  34  h.  it  described  a  figure  whicb 
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represented  four  ellipses.    Lasxlj,  a  long  grnophore,  the  apex  of 
which  had  buzied  itself  to  the  depth  of  about  half  an  inch«  was 

Fig.  19^ 


nf.199 


Ararhis  h'/poga  i ;  drcnm- 
nutation  of  rerticallf 
dependent  jouug  gyno- 
phore,  traced  on  a  ver- 
tical glass  from  10  A.M. 
JulySlst  to  8  A.3C.  Aug. 
2nd. 


Arachia  hypof/cca:  down- 
ward movement  of  same 
young  gynophore,  after 
being  extended  horizon- 
tally; traced  on  a  vertical 
glass  from  8.30  A.M.  to 
8.30  P.M.  Aug.  2nd. 


pnlled  ap  and  extended  horizontally :  it  quickly  began  to  cnrre 
downwardfl  in  a  zigzag  line;  but  on  the  following  day  the  ter- 
23 
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minal  bleached  portion  was  a  little  shrivelled.  As  tho  gyno- 
phoies  are  rigid  and  arise  from  stiff  branches,  and  as  they 
terminate  in  sharp  smooth  points,  it  is  probable  that  they  could 
penetrate  the  ground  by  the  mere  force  of  growth.  But  this 
action  must  be  aided  by  the  circunmutating  movement,  fur  fine 
sand,  kept  moist,  was  pressed  close  round  the  apex  of  a  gyno^ 
phore  which  had  reached  the  groimd,  and  after  a  few  hours  it 
was  surrounded  by  a  narrow  open  crack.  After  three  weeks 
this  gynophore  was  uncovered,  and  the  apex  was  found  at  a 
depth  of  rather  al)Ove  half  an  inch  developed  into  a  small,  white, 
oval  pod. 

Amphicaypaa  monuiat. — This  plant  produces  long  thin  shoots, 
which  twine  round  a  support  and  of  course  circumnutate. 
Early  in  the  summer  shorter  shoots  are  produced  from  the 
lower  parts  of  the  plant,  which  grow  perpendicularly  downwards 
and  penetrate  the  ground.  One  of  these,  termiuating  in  a 
minute  bud,  was  observed  to  bury  itself  in  sand  to  a  tlepth  of 
0*2  inch  in  21  h.  It  was  lifted  up  and  fixed  in  an  inclined 
position  about  25°  beneath  the  horizon,  being  feebly  illuminated 
from  alx)Ye.  In  this  position  it  described  two  vertical  ellipses 
in  24  h. ;  but  on  the  following  day,  when  brought  into  the  house, 
it  circumnutatid  only  a  very  little  round  the  same  spot.  Other 
branches  were  seen  to  penetrate  the  ground,  and  were  after- 
wards found  running  like  roots  Ixincath  the  surface  for  a  length 
of  nearly  two  inches,  and  they  had  grown  thick.  One  of  these, 
after  thus  rimning,  had  emerged  into  the  air.  tfow  far  circum- 
nutation  aids  these  delicate  branches  in  entering  the  ground  we 
do  not  know ;  but  the  reflexed  hairs  with  which  they  are  clothed 
will  assist  in  the  wor  k.  This  plant  produces  pods  in  the  air, 
and  others  beneath  the  ground  ;  which  differ  greatly  in  appear- 
ance. Asa  Gray  says  *  that  it  is  the  imperfect  flowers  on  the 
creeping  branches  near  the  base  of  the  plant  which  produce  the 
subterranean  pods;  these  flowers,  therefore,  must  bury  them- 
selves like  those  of  Aracliis.  But  it  may  be  suspected  that  the 
branches  which  were  seen  by  us  to  penetrate  the  ground  also 
produce  subterranean  flowers  and  pods. 

DlAGEOTUOriS.M. 

Besides  geotropism  and  apogeotropism,  there  is, 
according   t3   Frank,  an  allied  form  of  moveinent, 
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namely,  ••  tiu!isvtr5*r-j"«r*:'ir«:"j»:si:-~  or  •li;iir'>--tpjj»ism,  as 
we  may  call  it  f*.>r  the  siike  «.•:  n^atchin^r  our  other 
terms.  Under  the  uifl^ieiiee  iji  £rravitati«>n  certain 
]iart8  are  eicit^i  t«»  place  tiierLy.-ires  m'.-re  or  less 
transversely  to  the  ii:je  of  it-  a'-tivn,*  We  made  no 
observations  on  this  sz)'',^:Z,  an-l  i*ill  here  i»nlv  re- 
mark  that  iIik:  {••'sliioii  oi  the  s-.-f-.^nJary  radicles  ul' 
various  plants,  i*hi<.-h  extexid  h«  «riz»>ntally  or  are  a 
little  inclin€-«l  dMwnwar'is,  »•  id  probably  be  con- 
sidered by  Frank  as  'iue  Vj  :  rjnsverse-geotropism. 
As  it  has  been  shoHTi  in  Ch;tp.  I.  that  the  secondary 
radieh-3  of  Cucurbita  made  serpentine  tracks  on  a 
smoked  ghiss-plate,  they  clearly  circumnutated, 
and  there  can  hanliv  be  a  doubt  that  this  holds 
good  with  other  secon^lary  radicles.  It  seems  there- 
fore highly  pDjbable  that  they  place  themselves  in 
their  diageotropic  position  by  means  of  modified 
circumnutation. 

Finally,  we  may  conclude  that  the  three  kinds  of 
movement  which  have  now  been  described  and  which 
are  excited  by  gravitation,  consist  of  modified  circum- 
nutation. Difierent  parts  or  oigans  on  the  same  plant, 
an<l  the  same  part  in  diflerent  species,  are  thus  excited 
to  act  in  a  widely  difierent  manner.  AVe  can  see  no 
reason  why  the  attraction  of  gravity  should  directly 
modify  the  state  of  turgescence  and  subsequent  growth 
of  one  part  on  the  upper  side  and  of  another  part  on 
the  lower  side.  We  are  therefore  led  to  infer  that  both 
geotropic,  apogeotropic,  and  diageotropic  movements, 
the  purpose  of  which  we  can  generally  understand, 


•  Klfving  has  lately  describetl  ezoillent  instance  of  snch  move- 
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have  been  acquired  for  the  advantage  of  the  plant  bj 
the  modification  of  the  ever-present  movement  of 
eircumnutation.  This,  however,  implies  that  gravi- 
tation produces  some  effect  on  the  young  tissues 
sufficient  to  serve  as  a  guide  to  the  plant. 


LocAx: 


MJd  z=s  *- 


of  - 


•:w  *x  s^K^.n^i  usit  a  fill  Uisr  scjmbsrasia  KjmnxueiJib — 


CiE«iEL«Ki  «ti:'E:§  •  v.hi  vL€Q  tie  r>:.:5  of  Pis 
Lens  ani  Vicia  -w^re  ert«ii€>i  LiriziiiTjil]!-  iriiii  iheip 
tips  CTit  off,  iLej  -B^ere  ir>i  h/ne^i  on  by  g€v^TTV»pisin ; 
but  some  divs  hfterwaris,  when  a  new  rcot-«4p  and 
Tegetative  joint  La^i  l«e>en  formei  tlier  bt-nt  them- 
selves  perf^eniic'^lirly  downwar-is.  He  further  states 
that  if  the  tif»5  are  cut  off.  after  the  rc»ots  hare  bet^n 
left  eitende-i  horiz'-jntallr  for  some  little  time,  but 
before  thev  have  be<run  to  bend  downwanls,  thev  mav 
be  placed  in  any  prosit  ion,  and  yet  will  bend  as  if  still 
acted  on  by  geotropism;  and  this  shoi\-s  that  Si^mo 
influence  ha^l  been  already  transmitteil  to  the  Ivndinj^ 
part  from  the  tip  before  it  was  aniputattnl.  S{ioh> 
repeated  these  experiments ;  he  cut  off  a  h^ngth  ot 
between  '05  and  1  mm.  (measured  fn>m  the  ajvx  of  tlu» 


•  *  AhwariBkrummuDg  der  Wnnel,'  Inaug.  DiA»ort.  l^rwlrtu.  H»*l, 
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\regetative  point)  of  the  tips  of  the  radicles  of  the 
bean  (Vicia  faba)^  and  phiced  them  horizontally  or 
vertically  in  damp  air,  earth,  and  water,  with  the 
result  that  they  became  bowed  in  all  sorts  of  direc- 
tions.* He  therefore  disbelieved  in  Ciesielski's  con- 
clusions. But  as  we  have  seen  with  several  plants 
that  the  tip  of  the  radicle  is  sensitive  to  contact  and 
to  other  irritants,  and  that  it  transmits  some  influence 
to  the  upper  growing  part  causing  it  to  bend,  there 
seemed  to  us  to  be  no  a  priori  improbability  in 
Ciesielski's  statements.  We  therefore  determined  to 
repeat  his  experiments,  and  to  try  others  on  several 
species  by  diflerent  methods. 

Vicia  fah  (. — Radicles  of  this  plant  were  exiendetl  horizontally 
either  over  water  or  with  their  lower  Burfaccs  just  touching  it 
Their  tijjs  had  previously  been  cut  off,  in  a  direction  as  accu- 
mtely  trausverse  as  could  be  done,  to  different  lengths,  measured 
from  the  apex  of  the  root-cap,  and  which  will  bo  specified  in 
each  case.  Light  was  always  excluded.  Wo  had  previously 
tried  hundreds  of  unmutilated  radicles  under  similar  circum- 
stances, and  found  that  every  one  that  was  healthy  became 
plainly  geotroj)ic  in  under  12  h.  In  the  case  of  four  radicles 
which  had  their  tips  cut  off  for  a  length  of  1*5  mm.,  new  root- 
caps  and  new  vegetative  points  were  re-formed  after  an  interval 
of  3  days  20  h. ;  and  those  when  placed  horizontally  were  acted 
on  by  gcotropisni.  On  some  other  occasions  this  regeneration 
of  the  tips  and  reacquired  sensitiveness  occurred  within  a  some- 
what shorter  time.  Therefore,  radicles  having  their  tips 
amputated  should  he  observed  in  from  12  to  48  h.  after  tho 
opt^ration. 

Four  radicles  were  extended  horizontally  with  their  lower 
surfaces  touching  the  water,  and  with  their  tips  cut  oflf  for  a 
length  of  only  ()'5  mm. :  after  23  h.  three  of  them  were  still 
horizontal ;  after  47  h.  one  of  the  three  became  fairly  geotropic; 
and  after  70  h.  the  other  two  showed  a  trace  of  this  action.  The 
fourth  radicle  was  vertically  geotropic  after  23  h. ;  but  by  an 
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■ocideot  &e  rxis-515  ijol*  isii  iiic  "fb*  T*tE5a:rT» 

foaod  to  love  beex.  laonnicf*! :  s:  '±;l:.  11:^  sftsi^  i:rs.r*i  ic  r* 

exceptioB  a&d  trx^i  lik'*  **i!i  ci'-ruiir.L 

FHe  radiriri  viB%  esrttfiji  i  i»;c:x:ii.-iLZ7  ^lt*  Ttt*  'l.<.  kni 
had  XhsT rpg  r^  ;c  ic  1.  Jtizru.  :(f  1  -^t:  .  LTir  ±l-i:  i_  :  -r 
of  themiTcre  sdZ  iicix  x-L.  tiii  icj*  -rkj  ^'--'-  r  re.cr  c  r: 
afUr  4S  b-  tie  iintr  ihi  ••r:-:»r»t  ^*rt*rtZ :  &  fc  rrc-i  tti^  k  s»: 
somewhat  g«xr:c6r;  rw:  rT!i:;LZ»2  *^r^=*'^^-*-''  7  b:r_rMtiI . 
and  the  Uss  ce  ffiL  i*i  rriTn  1:1  &  ^-ism-^re-i  zLAZJier.  fi-r :: 
was  incIiiKd  tj-wis^  &i  ll  Li^Jr  :c  £'-  A.t;  t^*  1:*=  'i-rr.r  :r, 

orer  the  watff  wnl  ir^-rr  r:i»  ni  if  ::r  a  l-r^rti  .(f  Iv  rrz:- ; 
after  li2h.  all  w*r*  b:^-x.:«i-j^  iklLsz  t^*  rnirr:-!  :c  ftAzi-ikri 
specimens  in  tbe  acne  >r  '^•tr*  LI  r^-*  rT^ailr  d:'"»T.wjkri5. 
After  24  h.  mrcnl  of  iiie  m.^-ii'-i^i  rfcL^.-es  r»r=:j^:d  b>n- 
BOQtal,  bat  SQCoe  fcLjT^-=»i  a  Trhiir  :-f  rriir.Txr,  ar.i  rc'e  w-is 
plaml J  geotioj-is,  f  i-r  :l  Ti*  iz^  r-ir-eii  i:  i-I^  ":t- -sa:!:  the  h  >rlrcv:L 

Seren  boiiz/jctAllT  ei:€r«iiji  r^ijiI-ES  friz:  '■^ii-^h  tbe  ::ri>  hid 
been  cot  off  for  ti*  tiziistul:  l-r- .nl  cf  J  mm.  :m:?rT::ukn ly  wtiv 
not  looked  a:  jULtL  Z^j  h.  rjti  -eliiJ^i :  :hrt»e  weric  stili  horlr.vital. 
bat,  to  oar  scrj^lie.  f  >-t  v-ere  rr.  tre  or  less  t Uinl j  «otror:c* 

The  radicle?  in  the  f>r*c>:r^:  •:a«iS  ^ere  mtasr^red  K  row  tl^*:r 
tips  were  ampai&tel.  &i.i  in  th~r  <»ar>e  o(  24.  h.  ;Vx^j  h*<l  a*l 
increased  greatlj  in  kL^h;   l-:it  :Le  CivAsurenents  arv  tiot 
worth  giTiEg.    I:  is  of  m.re  iniporunce  that  S^sk^hii  fvv;r.d  th;*: 
ths  rate  of  growih  of    thi  diftrtni  pwts   of  Rid:o!cs  w.th 
ampntated  tips  wae  tL.e  same  as  with  ann:ntila:t.\i  oni'^     Alto 
gether  twentj-nlLe  ra*Letes  were  oj«erated  on  in  the  mantu^r 
aboTe  describeti,  aLl  of  :h^«e  olIv  a  few  showed  any  j:\vt  rv^p.o 
corratore  within  Jt  h.;  wlereas  radicles  w:th  iinmuTi;ATi\l  tii>i 
always  becarce,  as  already  statoi,  much  K-nt  down  in  'o?^  th:U' 
half  of  this  time.    The  part  of  the  radicle  which  K-nds  nu^t  lu* 
at  the  distance  of  from  3  to  6  nim.  fn.^m  the  tip.  ar.d  as  the 
bending  port  continues  to  grow  after  the  o|vration,  there  dix\< 
not  seem  any  reason  why  it  should  not  have  Kvn  acti\l  on  bv 
geotropism,  unless  its  curvature  de^x^nded  on  s,>mo  iutl\un.o 
transmitted  from  the  tip.    And  we  have  clear  ovidoUiV  of  such 
transmission  in  Ciesielski's  experiments,  which  wo  rt^iH^tini  and 
extended  in  the  follo^iing  manner. 

Beans  were  embedded  in  friable  peat  with  the  hilwn  down- 
wards,  and  after  their  radicles  had  grown  iwivndicularly  down 
for  a  length  of  from  i  to  1  inch,  sixteen  wore  st^Uvtini  which 
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were  perfectly  straight,  and  these  were  placed  horizontally  on 
the  peat,  being  covered  by  a  thin  layer  of  it  They  were  thus 
left  for  an  average  period  of  1  h.  37  m.  The  tips  were  then  cut 
off  transverscfy  for  a  length  of  1*5  mm.,  and  immediately  after- 
wards they  were  embedded  vertically  in  the  peat.  In  f  his  position 
geotropism  would  not  tend  to  induce  any  curvature,  but  if  some 
influence  had  already  been  transmitted  from  the  tip  to  the  part 
which  bends  most,  we  might  expect  that  this  part  would  become 
curved  in  the  direction  in  which  geotropism  had  previouf'ly 
acted;  for  it  should  be  noted  that  these  radicles  being  now 
destitute  of  their  sensitive  tips,  would  not  be  prevented  by 
geotropism  from  curving  in  any  direction.  Tlie  result  was  tliat 
of  the  sixteen  vertically  embedded  radicles,  four  continued  for 
several  days  to  grow  straight  downwards,  whilst  twelve  became 
more  or  less  bowed  laterally.  In  two  of  the  twelve,  a  trace  of 
curvature  was  perceptible  in  3  h.  30  m.,  counting  from  the  time 
when  they  had  tirst  been  laid  horizontally  ;  and  all  twelve  were 
plainly  bowed  in  6  h.,  and  still  more  plainly  in  9  h.  In  every 
one  of  them  the  curvature  was  directed  towards  the  side  which 
had  been  downwards  whilst  the  radicles  remained  horizontal. 
The  curvature  extended  for  a  length  of  from  6  to,  in  one  in- 
stance, 8  mm.,  measured  from  the  cut-off  end.  Of  the  twelve 
bowed  radicles  five  became  permanently  bent  into  a  right  angle ; 
the  other  seven  were  at  first  much  less  bent,  and  their  curvature 
generally  decreased  after  24  h.,  but  did  not  wholly  disappear. 
This  decrease  of  curvature  would  naturally  follow,  if  an  ex- 
posure of  only  1  h.  37  m.  to  geotropism,  served  to  modify  the 
turgescence  of  the  cells,  but  not  their  subsequent  growth  to 
the  full  extent.  The  five  radicles  which  were  rectangularly 
bent  became  fixed  in  this  position,  and  they  continued  to  grow 
out  horizontally  in  the  peat  for  a  length  of  about  1  inch  during 
from  4  to  6  days.  By  this  time  new  tips  had  been  formed ;  and 
it  should  be  remarked  that  this  regeneration  occurred  slower  in 
the  peat  than  in  water,  owing  perhaps  to  the  radicles  being 
often  looked  at  and  thus  disturl>ed.  After  the  tips  had  been 
regenerated,  geotropism  was  able  to  act  on  them,  so  that  they 
now  l»ecame  bowed  vertically  downwards.  An  accurate  draw- 
ing (Fig.  195)  is  given  on  the  op|>08ite  page  of  one  of  these  five 
radicles,  reduced  to  half  the  natural  size. 

We  next  tried  whether  a  shorter  exposure  to  geotropism 
would  suffice  to  produce  an  after-effect.  Seven  radicles  wei-e 
extended  horizontally  for  an  hour,  instead  of  1  h.  87  m.  as  in  the 
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Fig.  195. 


former  trial ;  and  after  their  tips  (1*5  mm.  in  length)  had  been 
amputated,  they  were  placed  vertically  in  damp  peat  Of  these, 
three  were  not  in  the  least  affected  and  continued  for  days  to 
grow  straight  downwards.  Four  showed  aft^r  8  h.  30  m.  a  mere 
trace  of  curvature  in  the  direction  in  which  they  had  been  acted 
on  by  geotropism;  and  in  this  respect  they  differed  much  from 
those  which  had  been  exposed  for 
1  h.  37  m.,  for  many  of  the  latter 
were  plainly  curved  in  6  h.  The 
curvature  of  one  of  these  four 
radicles  almost  disappeared  after 
24  h.  In  the  second,  the  cur- 
vature increased  during  two  days 
and  then  decreased.  The  third 
radicle  became  permanently  bent, 
so  that  its  terminal  part  made  an 
angle  of  about  45°  with  its  original 
vertical  direction.  The  fourth 
raiUcle  became  horizontal.  These 
two  latter  radicles  continued 
during  two  more  days  to  grow 
in  the  peat  in  the  same  directions, 
that    is,  at    an  angle    of   45°  be-  Viciafaha:  radicle,  rcct.ingularly 


neath  the  horizon  and  horizon- 
tally. By  the  fourth  morning  new 
tips  had  been  re-formed,  and  now 
geotropism  was  able  to  act  on 
them  again,  and  they  became 
V)cnt  perpendicularly  downwards, 
exactly  as  in  the  case  of  the 
five  radicles  described  in  the 
last  paragraph  and  as  is  shown  in 


bent  at  A,  after  the  imputation 
of  the  tip,  due  to  the  previous 
inflnonce  of  geotropism.  L,  side 
of  bean  which  lay  on  the  peat, 
whilst  geotropism  acted  on  the 
ra'icle.  A,  point  of  chief  cur- 
vature of  the  radicle,  whilst 
standing  vertically  downwards. 
B,  point  of  chief  curvature  after 
the  regeneration  of  the  tip,  when 
geotropism  again  actel.  C,  re- 
generated tip. 


the  figure  (Fig.  195)  here  given. 

Lastly,  five  other  radicles  were  similarly  treated,  but  were  ex- 
posed to  geotropism  during  only  45  m.  After  8  h.  30  m.  only 
one  was  doubtfully  affected;  after  24  h.  two  were  just  per- 
ceptibly curved  towards  the  side  which  had  been  acted  on  by 
geotropism ;  after  48  h.  the  one  first  mentioned  had  a  radius  of 
curvature  of  60  mm.  That  this  curvature  was  due  to  the  action 
of  geotropism  during  the  horizontal  position  of  the  radicle,  was 
shown  after  4  days,  when  a  new  tip  had  been  reformed,  for  it 
then  grew  perpendicularly  downwards.    We  learn  from  this 
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care  that  when  the  tips  are  amputated  after  an  exposure  to  goo- 
tropism  of  only  45  m.,  though  a  slight  influence  is  sometimes 
transmitted  to  the  adjoining  part  of  the  radicle,  yet  this  seldom 
suffices,  and  then  only  slowly,  to  induce  even  moderately  well- 
pronounced  curvature. 

In  the  previously  given  experiments  on  29  horizontally  ex- 
tended radicles  with  their  tips  amputated,  only  one  grew  irre- 
gularly in  any  marked  manner,  and  this  became  bowed  upwards 
at  an  angle  of  65^.  In  Ciesielski*s  experiments  the  radicles 
could  not  have  grown  very  irregularly,  for  if  they  had  done 
so,  he  could  not  have  spoken  confidently  of  the  obliteration 
of  all  geotropic  action.  It  is  therefore  remarkable  that  Sachs, 
who  experimented  on  many  radicles  with  their  tips  amputated, 
found  extremely  disordered  growth  to  be  the  usual  result  As 
horizontally  extended  radicles  with  amnutated  tips  are  some- 
times acted  on  slightly  by  geotropism  within  a  short  time,  and 
arc  often  acted  on  i>lainly  after  one  or  two  days,  we  thought 
that  this  influence  might  possibly  prevent  disordereti  growth, 
though  it  was  not  able  to  induce  immediate  curvature.  There- 
fore 13  radicle><,  of  which  6  had  their  tijis  amputated  trans- 
versely for  a  length  of  1*5  mm.,  and  the  other  7  for  a  length  of 
only  05  mm.,  were  suspended  vertically  in  damp  air,  in  which 
position  they  would  not  bo  affected  by  geotropism;  but  they 
exhibited  no  great  irregularity  of  growth,  whilst  observed 
during  4  to  6  days.  We  next  thought  that  if  care  were  not 
taken  in  cutting  off  the  tips  transversely,  one  side  of  the  stump 
might  be  irritated  more  than  the  other,  either  at  first  or  sub- 
sequently during  the  regeneration  of  the  tip,  and  that  this 
might  cause  the  radicle  to  bend  to  one  side.  It  has  also  been 
shown  in  Chapter  III.  that  if  a  thin  slice  bo  cut  off  one  side 
of  the  tip  of  the  radicle,  this  causes  the  radicle  to  bend  from 
the  sliced  side.  Accordingly,  30  radicles,  with  tips  amputated 
for  a  length  of  IS  mm.,  were  allowed  to  grow  perpendicularly 
downwards  into  water.  Twenty  of  them  were  amputated  at  an 
angle  of  20^  with  a  line  transverse  to  their  longitudinal  axes; 
and  such  stumps  appeared  only  moderately  oblique.  The 
remaining  ten  radicles  were  amputated  at  an  angle  of  about 
45°.  Under  these  circumstances  no  less  than  19  out  of  the  30 
became  much  distorted  in  the  course  of  2  or  8  days.  Eleven 
other  radicles  were  similarly  treated,  excepting  that  only  1  mm. 
(including  in  this  and  all  other  cases  the  root-cap)  was  amj^u- 
tated ;  and  of  these  only  one  grew  much  and  two  others  slightly 
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distorted ;  bo  that  this  amount  of  oblique  amputation  was  not 
sufficient.  Out  of  the  above  30  radicles,  only  one  or  two  showed 
/in  the  first  24  h.  any  distortion,  but  this  became  plain  in  the 
19  cases  on  the  second  day,  and  still  more  conspicuous  at  the 
close  of  the  third  day,  by  which  time  new  tips  had  been  partially 
or  completely  regenerated.  When  therefore  a  new  tip  is  re- 
formed on  an  oblique  stump,  it  probably  is  developed  sooner  on 
one  side  than  on  the  other :  and  this  in  some  manner  excites 
the  adjoining  part  to  bend  to  one  side.  Hence  it  seems  probable 
that  Sachs  unintentionally  amputated  the  radicles  on  which  he 
experimented,  not  strictly  in  a  transverse  direction. 

This  explanation  of  the  occasional  irregular  growth  of  radicles 
with  amputated  tips,  is  supported  by  the  results  of  cauterising 
their  tips;  for  often  a  greater  length  on  one  side  than  on  the 
other  was  unavoidably  injured  or  killed.  It  should  be  re- 
marked that  in  the  following  trials  the  tips  were  fii-st  dried 
with  blotting-paper,  and  then  slightly  rubbed  with  a  dry  stick 
of  nitrate  of  silver  or  lunar  caustic.  A  few  touches  with  the 
caustic  suffice  to  kill  the  root-cap  and  some  of  the  upper  layers 
of  cells  of  the  vegetative  point.  Twenty-seven  radicles,  some 
young  and  very  short,  others  of  moderate  length,  were  suspended 
vertically  over  water,  after  being  thus  cauterised.  Of  these  some 
entered  the  water  immediately,  and  others  on  the  second  day. 
Tho  same  number  of  un cauterised  radicles  of  the  same  age 
were  observed  as  controls.  After  an  interval  of  three  or  four 
days  the  contrast  in  apptaranco  between  the  cauterised  and 
control  specimens  was  wonderfully  great.  The  controls  had 
grown  straight  downwards,  with  the  exception  of  the  normal 
curvature,  which  we  have  called  Sachs'  curvature.  Of  the 
27  cauterized  radicles,  15  had  become  extremely  distorted;  6  of 
them  grew  upwards  and  formed  hoops,  so  that  their  tips  some- 
times came  into  contact  with  the  bean  above;  5  grew  out 
rectangularly  to  one  side ;  only  a  few  of  the  remaining  12  were 
quite  straight,  and  some  of  these  towards  the  cl(»6e  of  our 
observations  became  hooked  at  their  extreme  lower  ends. 
Radicles,  extended  horizontally  instead  of  vertically,  with  their 
tips  cauterised,  also  sometimes  grew  distorted,  but  not  so  com- 
monly, as  far  as  we  could  judge,  as  those  suspended  vertically; 
for  this  occurred  with  only  5  out  of  19  radicles  thus  treated. 

Instead  of  cutting  off  the  tips,  as  in  the  first  set  of  experi- 
ments, we  next  tried  the  effects  of  touching  horizontally  ex- 
tended radicles  with  caustic  in  the  maimer  just  described.    But 
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8omo  preliminary  remarks  mtist  first  be  made.  It  may  be  ob- 
jected that  the  caustic  would  injure  the  radicles  and  prevent  them 
from  l:)ending ;  but  ample  eTidonce  was  giyen  in  Chapter  III. 
that  touching  the  tips  of  vertically  suspended  radicles  with 
caustic  on  one  side,  does  not  stop  their  bending;  on  the 
contrary,  it  causes  them  to  bend  from  the  touched  side.  We 
also  tried  touching  both  the  upper  and  the  lower  sides  of  the 
tips  of  some  radicles  of  the  bean,  extended  horizontally  in  damp 
friable  earth.  The  tips  of  three  were  touched  with  caustic  on 
their  upper  sides,  and  this  would  aid  their  geotropic  bending; 
the  tips  of  three  were  touched  on  their  lower  sides,  which 
would  tend  to  counteract  the  bending  downwards ;  and  three 
were  left  as  controls.  After  24  h.  an  independent  ol>server  was 
asked  to  pick  out  of  the  nine  radicles,  the  two  which  were  most 
and  the  two  which  were  least  bent ;  ho  selected  as  the  latter 
two  of  those  which  had  been  touched  on  their  lower  sides,  and 
as  the  most  Ixjnt,  two  of  those  which  had  been  touched  on  the 
upper  side.  Hereafter  analogous  and  more  striking  experiments 
with  J^isnm  hativum  and  Cucurbita  ovi/era  will  be  given.  We 
may  therefore  safely  conclude  that  the  mere  application  of 
cauBtic  to  the  tip  does  not  prevent  the  radicles  from  bending. 

In  the  following  exj^jriments,  tne  tips  of  young  horizontallj 
extended  radicles  were  just  touched  with  a  stick  of  dry  caustic ; 
and  this  was  held  transversely,  so  that  the  tip  might  be  cau- 
terised all  round  as  symmetrically  as  possible.  The  radicles 
were  then  suspended  in  a  closed  vessel  over  water,  kept  rather 
cool,  viz.,  55°-59°  F.  This  was  done  because  we  had  found 
that  the  tips  were  more  sensitive  to  contact  under  a  low  than 
under  a  high  temperature ;  and  we  thought  that  the  same  rule 
might  apply  to  geotropism.  In  one  exceptional  trial,  nine 
radicles  (which  were  rather  too  old,  for  taey  had  grown  to  a 
length  of  from  3  to  5  cm.),  were  extended  horizontally  in  damp 
friable  earth,  after  their  tips  had  been  cauterised,  and  were 
kept  at  too  high  a  temperature,  viz.,  of  G8 '  F.,  or  20°  C.  The 
rt'sult  in  consequence  was  not  so  striking  as  in  the  subsequent 
cases;  for  although  when  after  9  h.  40  hl  six  of  them  were 
txamined,  these  did  not  exliibit  any  geotropic  lx?nding,  yet  after 
24  h.,  when  all  nine  were  examined,  only  two  remained  hori- 
zontal, two  exhibited  a  trace  of  geoti-opism,  and  five  wore 
slightly  or  moderately  geotropic,  yet  not  comparable  in  degree 
with  the  contj'ol  specimens.  Marks  had  been  made  on  seven  of 
these  cauterised  radicles  at  10  mm.  from  the  tips,  which  includes 
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the  whole  growing  portion ;  and  after  the  21  h.  tliiK  part  hod 
a  mean  length  of  37  mm.,  to  that  it  had  increased  to  mcire 
than  3i  times  its  original  length ;  ^*iit  it  should  be  remembered 
that  these  beans  had  been  expxed  to  a  rather  high  temj^eiatare. 
Nineteen  young  radicles  with  cauterised  ti)j«  were  extended 
at  different  times  horizontallj  over  water.  In  every  trial  an 
equal  number  of  control  specimens  were  obserred.  in  the  fintt 
thai,  the  tips  of  three  radicles  were  lightly  touched  witii  the 
caustic  for  6  or  7  seconds,  which  was  a  longer  a])j>]ication  than 
uauaL    After  23  h.  30  m.  (temp.  bo^'-iAj^  F.)  these  three  radicles, 


a 


r  "■-'  -  ^, 


Vieh  faba,  ttat«  of  raJHes  which  h^I  he^n  extended  horizontiillr  for 
23  h.  30  m. :  A,  B,  C.  tips  touched  with  caustic  ;  D,  E,  F,  tips  uncnute- 
riied.  Lengths  of  radicles  re«laced  to  one-half  scale,  but  bj  an  accideot 
the  beans  themselves  not  reduced  in  the  same  degree. 

A,  B,C  (Fig.  1%),  were  still  horizontal,  whilst  the  three  conti-ol 
specimens  bad  become  within  8  h.  sliglitly  gcotrupic,  and 
strongly  so  (D,  E,  F)  in  23  h.  30  m.  A  dot  had  l^een  made  on 
all  six  radicles  at  10  mm.  from  their  tips,  when  first  placed 
horizontally.  After  the  23  h.  30  m.  this  terminal  part,  originally 
10  mm.  in  length,  had  increased  in  the  cauterise^i  sjxjcimens  to 
A  mean  length  of  17*3  nmL,  and  to  15*7  mm.  in  the  control 
radicles,  as  shown  in  the  figures  by  the  unbroken  transverse 
line ;  the  dotted  line  being  at  10  mm.  from  the  apex.  The  con- 
trol or  uncautcrised  radicles,  therefore,  had  actually  grown  lea 
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than  the  cauterised;  but  this  no  doubt  was  accidental,  for 
radicles  of  different  ages  grow  at  different  rates,  and  the  growth 
of  different  individuals  is  likewise  affected  by  unknown  causoB. 
The  state  of  the  tips  of  these  three  radicles,  which  had  been 
cauterised  for  a  rather  longer  time  than  usual,  was  as  f'>llows : 
the  blackened  apex,  or  the  part  which  had  been  actually  touched 
by  the  caustic,  was  succeeded  by  a  yellowish  zone,  due  probably 
to  the  absorption  of  some  of  the  caustic;  in  A,  both  zones 
together  were  1*1  mm.  in  length,  and  1*4  mnu  in  diameter  at  the 
base  of  the  yellowish  zone;  in  B,  the  length  of  both  was  only 
0  7  mm.,  and  the  diameter  0*7  mm.;  in  C,  the  length  was  0*8 
mm.,  and  the  diameter  1*2  mm. 

Three  other  radicles,  the  tips  of  which  had  lK*cn  touched  with 
caustic  during  2  or  3  seconds,  remained  (temp.  58°-59°  F  ) 
horizontal  for  23  h. ;  the  control  radicles  having,  of  course, 
become  geotropic  within  this  time.  The  terminal  growing  part, 
10  mm.  in  length,  of  the  cauterised  i-adicles  had  increased  in 
this  interval  to  a  mean  length  of  24*5  mm.,  and  of  the  controls 
to  a  mean  of  26  mm.  A  section  of  one  of  the  cauterised  tips 
showed  that  the  blackened  part  was  0*5  mm.  in  length, of  which 
02  mm.  extended  into  the  vegetative  point;  and  a  faint  dis- 
coloration could  Ik)  detected  even  to  1  •  6  mm.  fi-om  the  apex  of 
the  root-cap. 

In  another  lot  of  six  radicles  (temp.  55°-57°  F.)  the  three 
control  specimens  were  plainly  geotropic  in  8i  h. ;  and  after  24  h. 
the  mean  length  of  their  terminal  part  had  increased  from 
10  mm.  to  21  mm.  When  the  caustic  was  applied  to  the  three 
cauterised  specimens,  it  was  held  quite  motionless  during 
5  seconds,  and  the  result  was  that  the  black  marks  were  ex- 
tremely minute.  Therefore,  caustic  was  again  applied,  after 
8i  h.,  during  which  time  no  geotropic  action  had  occurred. 
When  the  specimens  were  re-examined  after  an  additional 
interval  of  15i  h.,  one  was  horizontal  and  the  other  two  showed, 
to  our  surprise,  a  trace  of  geotropism  which  in  one  of  them 
soon  afterwards  became  strongly  marked;  but  in  this  latter 
specimen  the  discoloured  tip  was  only  f  mm.  in  length.  The 
growing  part  of  these  three  radicles  increased  in  24  h.  from 
10  mm.  to  an  average  of  16*5  mm. 

It  would  be  superfluous  to  descrilie  in  detail  the  behaviour 
of  the  10  remaining  cauterised  radicles.  The  corresponding 
control  specimens  all  became  geotropic  in  8  h.  Of  the  cauterised^ 
G  wore  first  looked  at  after  8  h.,  and  one  alone  showed  a  trace 
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of  geotropism ;  4  were  first  looked  at  after  14:  h.,  and  one  alone 
of  these  was  slightly  geo tropic.  After  *J3-24  h.,  5  of  the  10  were 
still  horizontal,  4  slightly,  and  1  decidedly,  geotropic.  After 
48  h.  some  of  them  became  stroftgly  geotropic.  The  cauterised 
radicles  increased  greatly  in  length,  but  the  measurements  are 
not  worth  giving. 

As  five  of  the  last-mentioned  cauterised  radicles  had  l)ecome  in 
24  h.  somewhat  geotropic,  these  (together  with  three  which  were 
still  horizontal)  had  their  |X)sitions  reversed,  so  that  their  tips 
were  now  a  little  upturned,  and  they  were  again  touched  with 
caustic.  After  24  h.  they  showed  no  trace  of  geotropism ;  whereas 
the  eight  corresponding  control  specimens,  which  had  like- 
wise been  reversed,  in  which  position  the  tips  of  several  pointed 
to  the  zenith,  all  became  geotropic ;  some  having  passed  in  the 
24  h.  through  an  angle  of  180°,  others  through  about  135°,  and 
others  through  only  90°.  The  eight  radicles,  which  had  been 
twice  cauterised,  were  observed  for  an  additional  day  (i.e.  for  48  h. 
after  being  reversed),  and  they  still  showed  no  signs  of  geotro- 
pism. Nevertheless,  they  continued  to  grow  rapidly ;  four  were 
measured  24  h.  after  being  reversed,  and  they  had  in  this  time 
increased  in  length  betweon  8  and  11  mm. ;  the  other  four  were 
measured  48  h.  after  being  reversed,  and  these  had  increased  by 
20, 18,  23,  and  28  mm. 

In  coming  to  a  conclusion  with  respect  to  the  effects  of  cauter- 
ising the  tips  of  these  radicles,  we  should  bear  in  mind, 
firstly,  that  horizontally  extended  control  radicles  were  always 
acted  on  by  geotropism,  and  became  somewhat  bowed  down- 
wards in  8  or  9  h. ;  secondly,  that  the  chief  seat  of  the  curvature 
lies  at  a  distance  of  from  8  to  6  mm.  from  the  tip ;  thirdly,  that 
the  tip  was  discoloured  by  the  caustic  rarely  for  more  than 
1  mm.  in  length ;  fourthly,  that  the  greater  number  of  the  cau- 
terised radicles,  although  subjected  to  the  full  influence  of 
geotropism  during  the  whole  time,  remained  horizontal  for  24  h., 
and  some  for  twice  as  long ;  and  that  those  which  did  become 
bowtxi  were  so  only  in  a  sUght  degree ;  fifthly,  that  the  cau- 
terised radicles  continued  to  grow  almost,  and  sometimes  quite, 
as  well  as  the  uninjured  ones  along  the  part  which  bends  most. 
And  lastly,  that  a  touch  on  the  tip  with  caustic,  if  on  one  Bide, 
far  from  preventing  curvature,  actually  induces  it.  Bearing  all 
these  facts  in  mind,  we  must  infer  that  under  normal  conditions 
the  geotropic  curvature  of  the  root  is  due  to  an  influence  trans- 
mitted from  the  apex  to  the  adjoining  part  where  the  bending 
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takes  place ;  and  that  when  the  tip  of  the  root  is  cauterised  it  is 
anable  to  originate  the  stimulus  necessary  to  produce  geotropie 
curvature. 

As  we  had  ol>served  that  grease  was  highly  injurious  to  some 
plants,  we  determined  to  try  its  effects  on  radicles.  When  the 
cotyledons  of  Phalaris  and  Avena  were  covered  with  grease 
along  one  side,  the  growth  of  this  side  was  quite  stopped  or 
greatly  checked,  and  as  the  opposite  side  continued  to  grow,  the 
cotyledons  thus  treated  became  bowed  towards  the  greased  side, 
This  same  matter  quickly  killed  the  delicate  hypocotyls  and 
young  leaves  of  certain  plants.  The  grease  which  we  employed 
was  made  by  mixing  lamp-black  and  olive  oil  to  such  a  con- 
sistence that  it  could  be  laid  on  in  a  thick  layer.  The  tips  of 
five  radicles  of  the  bean  were  coated  with  it  for  a  length  of 
3  mm.,  and  to  our  surprise  this  part  increased  in  length  in  23  h. 
to  7*1  mm.;  the  thick  layer  of  grease  being  curiously  drawn 
out.  It  thus  could  not  have  checked  much,  if  at  all,  the  growth 
of  the  terminal  part  of  the  radicle.  With  respect  to  geotropism, 
the  tips  of  seven  horizontally  extended  radicles  were  coated  for 
a  length  of  2  mm.,  and  after  24  h.  no  clear  difference  could  be 
perceived  between  their  downward  curvature  and  that  of  an 
equal  number  of  control  specimens.  The  tips  of  33  other  radicles 
were  coated  on  different  occasions  for  a  length  of  3  mm. ;  and 
they  were  compared  with  the  controls  after  8h.,  24  h.,  and  48  h. 
On  one  occasion,  after  24  h.,  there  was  very  little  difference  in 
curvature  between  the  greased  and  control  specimens;  but 
generally  the  difference  was  unmistakable,  those  with  greased 
tips  being  considerably  less  curved  dov^nwards.  The  whole 
growing  part  (the  greased  tips  included)  of  six  of  these  radicles 
was  measured  and  was  found  to  have  increased  in  23  h.  from 
10  mm.  to  a  mean  length  of  17 '7  mm. ;  whilst  the  corresponding 
part  of  the  controls  had  increased  to  208 mm.  It  appears  there- 
fore, that  although  the  tip  itself,  when  greased,  continues  to 
grow,  yet  the  growth  of  the  whole  radicle  is  somewhat  checked, 
and  that  the  geotropie  curvature  of  the  upper  part,  which  was 
free  from  grease,  was  in  most  cases  considerably  lessened. 

Fisum  sativum. — Five  radicles,  extended  horizontally  over 
water,  had  their  tips  lightly  touched  two  or  three  times  with  dry 
caustic.  These  tips  were  measured  in  two  cases,  and  found  to 
be  blackened  for  a  length  of  only  half  a  millimeter.  Five  other 
radicles  were  left  as  controls.  The  part  which  is  most  bowed 
through  geotropism  lies  at  a  distance  of  several  millimeters  from 


Cnip.  XL     TBA^S3liTTEl•  EFFECTS:  rUASEOLlS.     535 


the  apex.  After  24  h-,  *rd  mcx^  ifier  32  h.  &-.  to  :be  oxniaccvV- 
ment,  four  of  the  duteziaEd  radicles  were  sdll  horizontal,  but 
oue  was  p-ainJy  geotr^f  ie.  Icing  ineliDed  at  40"  beneath  ti.e 
horizon.  The  f  ve  c«:u^>li  were  somewhat  c«»troric  alter  7  iu 
2Um.,  and  after  24  h,  were  all  satju^Ij  grcOti»p:c ;  being  icoliixxi 
at  the  following  a::t^l€s  l«ci.eaii:  the  horizon,  t.z.,  5.«",  iV'*^,  uv\ 
67°,  and  43^.  TLe  ienzth  of  the  la-iio^es  wis  not  n:€^<ui\\i  in 
either  set,  bnt  it  w^  mii::ft:>t  that  the  cautvris<\i  r.i*lic;os  ha*l 
grown  greatly. 

The  following  case  pr>Tt«  that  the  action  of  the  itiastio  bv 
itself  does  not  prevciit  the  curvature  of  the  radicle.  Ten  radick* 
were  extended  horizon taUy  on  and  beneath  a  ]a\er  of  daiup 
friable  peat-earth;  and  btfore  lieing  exienJeii  their  tips  wvre 
touched  with  dry  caustic  on  the  uj>f«er  side.  Tt-n  other  raiiiclt>s 
similarly  placed  w<rre  touched  on  the  lowtr  side;  and  this  would 
tend  to  make  them  Ixmd  from  the  cauterised  side ;  and  then^fore, 
as  now  placed,  upwards,  or  in  op^iosition  to  geotropism.  Lastly, 
ten  uncauterised  rad.cles  were  extended  horizontally  as  contn>is. 
After  24  h.  all  the  latter  were  geotropic;  and  the  ten  with  their 
tips  cauterised  on  the  upper  side  were  equally  geotropic;  and 
we  believe  that  they  became  curved  downwards  before  the  con- 
trols. The  ten  which  had  been  cauterised  on  the  lower  siilc 
presented  a  widely  different  appearance :  No.  1,  however,  was 
peri>endicularly  geotropic,  but  this  was  no  real  exception,  for  on 
exaniiDation  uuder  tlie  microscope,  there  was  no  vestige  of 
a  coloured  mark  on  the  tip,  and  it  was  evident  that  by  a  mistake 
it  had  not  been  touched  with  the  caustic.  No.  2  was  plainly 
geotropic,  being  inclined  at  about  45°  beneath  the  horizon ;  No.  3 
was  slightly,  and  No.  4  only  just  perceptibly  geotropic ;  Noa.  5 
and  6  were  strictly  horizontal ;  and  the  four  remaining  ones  were 
bowed  upwards,  in  opposition  to  geotropism.  In  these  four 
cases  the  radius  of  the  upward  curvatures  (according  to  Sjiclis* 
cyclometer)  was  5  mm.,  10  mm.,  30  mm.,  and  70  mm.  This  cur- 
vature was  distinct  long  before  the  24  h.  had  elapsed,  namely, 
after  8h.  45  m.  from  the  time  when  the  lower  sides  of  the  tips 
wore  touched  with  the  caustic. 

Phaseolwi  multijlorns. — Eight  radicles,  serving  as  controls,  \vci*o 
extended  horizontally,  some  in  damp  friable  jKjat  and  some  in 
damp  air.  They  ail  became  (temp.  1!0'^-21°  C.)  i)!ainly  geo- 
tropic in  8  h.  30  m.,  for  they  then  stood  at  an  average  angle  of  G3^ 
beneath  the  horizon.  A  rather  greater  length  of  the  radicle  it 
lx)wed  downwards  by  geotropism  than  in  the  case  of  Viciafaha 
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that  is  to  say,  rather  more  than  6  mm.  as  measured  from  the  apex 
of  the  root-cap.  Nine  other  radicles  were  Buniiarly  extended, 
three  in  damp  peat  and  six  in  damp  air,  and  dry  caustic  wai» 
held  transversely  to  their  tips  during  4  or  5  seconds.  Three  of 
their  tips  were  afterwards  examined :  in  (1)  a  length  of  0*68  mm. 
was  discoloured,  of  which  the  basal  0*13G  mm.  was  yellow,  tlie 
npical  part  being  black;  in  (2)  the  discoloration  was  0*65  mm. 
in  length,  of  which  the  basal  0*04  mm.  was  yellow ;  in  (3)  the  dis- 
coloration was  06  nmi.  in  length,  of  which  the  basal  013  mm. 
was  yellow.  Therefore  less  than  1  mm.  was  affected  by  the  caustic, 
but  this  suflBced  almost  wholly  to  prevent  geotropic  action ;  for 
after  24  h.  one  alone  of  the  nine  cauterised  radicles  became 
slightly  geotropic,  being  now  inclined  at  10°  beneiith  the  horizon ; 
the  eight  others  remained  horizontal,  though  one  was  curved  a 
little  laterally. 

The  terminal  part  (10  mm.  in  length)  of  the  six  cauterised 
radicles  in  the  damp  air,  had  more  than  doubled  in  length  in 
the  24  h.,  for  this  part  was  now  on  an  average  20*7  mm.  long. 
The  increase  in  length  within  the  same  time  was  greater  in 
the  control  specimens,  for  the  terminal  part  had  grown  on  an 
average  from  10  mm.  to  26*6  mm.  But  as  the  cauterised 
radicles  had  more  than  doubled  their  length  in  the  24  h.,  it  is 
manifest  that  they  had  not  been  seriously  injured  by  the 
caustic.  Wo  may  here  add  that  when  experimenting  on  th6 
effects  of  touching  one  side  of  the  tip  with  caustic,  too  much 
was  applied  at  first,  and  the  whole  tip  (but  we  believe  not  more 
than  1  mm.  in  length)  of  six  horizontally  extended  radicles  was 
killed,  and  thcbo  continued  for  two  or  three  days  to  grow  out 
horizontally. 

Many  trials  were  made,  by  coating  the  tips  of  horizontally 
t'xtended  radicles  with  the  before  described  thick  grease.  The 
geotropic  curvature  of  12  radicles,  wliich  were  thus  coated  for 
a  length  of  2  mm.,  was  delayed  during  the  first  8  or  9  h.,  but 
after  24  h.  was  nearly  as  great  as  that  of  the  control  speci- 
mens. The  tips  of  nine  radicles  were  coated  for  a  length  of  3  mm., 
and  after  7  h.  10  m.  these  stood  at  an  average  angle  of  30° 
beneath  the  horizon,  wliilst  the  controls  stood  at  an  average  of 
54°.  After  24  h.  the  two  lots  differed  but  little  in  their  degree 
of  curvature.  In  some  other  trials,  however,  there  was  a  fairly 
well-marked  difference  after  24  h.  between  those  with  greased 
tips  and  the  controls.  The  terminal  part  of  eight  control  speci- 
mens inci-eascd  in  24  h.  from  10  mm.  to  a  mean  length  of 
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24*3  min.,  whilst  the  mean  increase  of  tliose  with  preased  tips 
was  20*7  nim.  The  grease,  therefore,  sliglitly  checked  tlip 
growth  of  the  terminal  part,  but  this  ]>art  w  s  not  much 
injured;  for  several  radicles  wliich  liad  \)cm  greased  for  a 
length  of  2  mm.  continued  to  grow  during  seven  days,  and  were 
then  only  a  little  shorter  than  the  controls.  The  appearance 
presented  by  these  radicles  after  the  seven  days  was  very 
curious,  for  the  black  grease  had  ))een  drawn  out  into  tlie  finest 
longitudinal  strife,  with  dots  and  reticulations,  which  covered 
their  surfa<;es  for  a  length  of  from  26  to  44  mm.,  or  of  1  to 
1*7  inch.  We  may  therefore  conclude  that  grease  on  the  tips 
of  the  radicles  of  this  Phaseolus  soraewh.it  delays  and  les^:en8 
tJie  geotropic  curvature  of  the  part  which  ought  to  bend 
most. 

Oossypium  h  rUueam. — The  ra  licles  of  this  plant  bend, 
through  the  action  of  geotropism,  for  a  length  of  about  6  mm. 
Five  radicles,  placed  horizontally  in  damp  air,  had  their  tips 
touched  with  caustic,  and  the  discoloration  extended  for  a 
length  of  from  J  to  1  mm.  They  showed,  after  7  h.  45  m.  and 
again  after  23  h.,  not  a  trace  of  geotropism ;  yet  the  terminal 
]X)rtion,  9  mm.  in  length,  had  increased  on  an  average  to 
15*9  mm.  Six  control  radicles,  after  7  h.  45  m.,  were  all  plainly 
gpotropic,  two  of  them  being  vertically  dei>endent,  and  after 
23  h.  all  were  vertical,  or  nearly  so. 

Cucuihita  ovi/era. — A  lari^^e  number  of  trials  proved  almost 
useless,  from  the  three  following  causes:  Firstly,  the  tips  of 
radicles  which  have  grown  somewhat  old  are  only  feebly  geo- 
tropic if  kept  in  damp  air;  nor  did  we  succeed  well  in  our 
exi)eriments,  until  the  germinating  seeds  were  placed  in  peat 
and  kept  at  a  rather  high  temi^erature.  Secondly,  the  hypocotyls 
of  the  seeds  which  were  pinned  to  the  lids  of  the  jars  gradually 
became  arched;  and,  as  the  cotyledons  were  fixed,  the  movement 
of  the  hypocotyl  aflfected  the  ])osition  of  the  radicle,  and  caused 
confusion.  Tliirdly,  the  point  of  the  radicle  is  so  fine  that  it  is 
difficult  not  to  cauterise  it  either  too  much  or  too  little.  But 
we  managed  generally  to  overcome  this  latter  difficulty,  as  the 
following  experiments  show,  which  are  given  to  provo  that  a 
touch  with  caustic  on  one  side  of  the  tip  does  not  prevent  the 
apper  part  of  the  radicle  from  bending.  Ten  radicles  were  laid 
horizontally  beneath  and  on  damp  friable  jxiat,  and  their  tips 
were  touched  with  caustic  on  the  upper  side.  After  8  h.  all 
were  plainly  geotropic,  three  of  tliera  rectangularly ;  after  19  h. 
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all  were  etrongly  gootropic,  most  of  them  pointing  perpen- 
dicularly downwards.  Ten  other  radicles,  similarly  placed,  had 
their  tips  touched  with  caustic  on  the  lower  side;  after  8  h. 
three  were  slightly  geotropic,  but  not  nearly  so  much  so  as  the 
least  geotropic  of  the  foregoing  specimens ;  four  remained  hori- 
zontal; and  three  were  curved  upwards  in  opposition  to  geo- 
tropism.  After  19  h.  the  three  which  were  slightly  geotropic 
had  become  strongly  so.  Of  the  four  horizontal  radicles,  one 
alone  showed  a  trace  of  geotropism;  of  the  three  up-curved 
radicles,  one  retained  this  curvature,  and  the  other  two  had 
become  horizontal. 

The  radicles  of  this  plant,  as  already  remarked,  do  not  succeed 
well  in  damp  air,  but  the  result  of  one  trial  may  be  briefly 
given.  Nine  young  radicles  between  '3  and  '5  inch  in  length., 
with  their  tips  cauterised  and  blackened  for  a  length  never 
exceeding  h  mm.,  together  with  eight  control  specimens,  were 
extended  horizontally  in  damp  air.    After  an  interval  of  only 

4  h.  10  m.  all  the  controls  were  slightly  geotropic,  whilst  not 
one  of  the  cauterised  specimens  exhibited  a  trace  of  this  action. 
After  8  h.  35  m.,  there  was  the  same  difference  between  the 
two  sets,  but  rather  more  strongly  marked.  By  this  time  both 
sets  had  increased  greatly  in  length.  The  controls,  however, 
never  became  much  more  curved  downwards ;  and  after  24  h. 
there  was  no  great  difference  between  the  two  sets  in  their 
degree  of  curvature. 

Eight  young  radicles  of  nearly  equal  length  (avei-age  '36  inch) 
were  placed  beneath  and  on  peat-earth,  and  were  exposed  to  a 
temp,  of  75°-76°  F.  Their  tips  had  been  touched  transversely 
with  caustic,  and  five  of  them  were  blackened  for  a  length  of 
about  05  mm.,  whilst  the  other  three  were  only  just  visibly  dis- 
coloured. In  the  same  box  there  were  15  control  radicles,  mostly 
about  '36  inch  in  length,  but  some  rather  longer  and  older,  and 
therefore  less  sensitive.  After  5  h.,  the  15  control  radicles  were 
Jill  more  or  less  geotropic  :  after  9  h.,  eight  of  them  were  heut 
down  lieneath  the  horizon  at  various  angles  between  45°  and  90*^, 
tlic  remaining  seven  being  only  slightly  geotropic :  after  25  h.  all 
wore  rectangularly  geotropic.  The  state  of  the  eight  cauterised 
radicles  after  the  same  intervals  of  time  was  as  follows:  after 

5  h.  one  alone  was  slightly  geotropic,  and  this  was  one  with 
the  tip  only  a  very  little  discoloured:  after  9  h.  the  one  just 
mentioned  was  rectangularly  geotropic,  and  two  others  were 
slightly  so,  and  these  wore  the  three  which  had  been  scarcely 
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alfectoi  bj  the  ■.•a-ird>-';  i-r  otfctr  fiTe  were  siill  striotTj  hoii- 
jontaL  Ai'-cr  ii  =.  *1 ::;-  "i^  ;LKe  with  ocJj  siigfaily  liiscoloniwl 
dps  TTiire  1*115  dowr.  rwtacialari;;  the  other  fire  wenj  n>jt  in 
the  least  affcct.il.  't::t  sereril  of  ihem  boii  growTi  rather  ti>r- 
tnoosly,  though  *d;  ia  *  birlzoc'ai  pLme.  The  e-gtit  tameristii 
radicles  which  bbi  *:  lirit  s  iceaa  lec^  of  ~36  iiioh,  stler  t^  h. 
had  increased  to  a  n^an  Ur^a  of  "T'J  im-'h ;  »nd  afttr  24  h, 
40  m.  [o  the  el'tnjnilE.Aij  ineao  Uagth  of  2  iuohte.  Th«N 
was  CO  plain  di&rjcce  Ie  len^h  between  the  five  well  ixiu- 
terif«(l  ra^iiole;  which  RQukined  homootal,  and  thb  thne  with 
Rligbtl.v  canterifF.d  *Ji«  which  had  become  abrupU*  \xat  dovtt. 
A  few  of  the  o}:L:r>l  radicles  w-ere  measured  afWr  23  h.,  and 
thej  were  od  an  aviT^e  onlj  a  little  looker  thaa  the  niuterUt.il, 
viz.,  219  inches.  We  thos  see  that  killing  the  extreme  tip  ol 
the  radicle  of  thii  plant  for  a  Icn^b  of  about  05  mm,  though  it 
Btope  the  geotropic  beodiRg  of  the  upper  part,  iianily  intertejv« 
witb  the  growth  of  the  whole  radicle. 

In  the  eame  box  with  the  15  control  specimens,  the  rapid  get>- 
tropic  bending  and  growth  of  which  have  just  been  described, 
there  Here  six  radicle:),  abont  '6  iuch  in  length,  exteuded  hori- 
zontallj,  from  which  the  tips  had  been  cut  off  in  a  transverse 
direciion  for  a  length  of  tarelj  1  mm.  These  radicles  wore 
examined  after  9  h.  and  Kgaio  after  24  h.  40  m.,  and  they  nil 
remained  horizontaL  They  had  not  become  nearly  bo  tortuoua 
as  thoso  above  described  which  had  been  cauterised,  'i'bu 
radicles  with  their  tipe  cut  off  had  grown  in  the  34  h.  40  in.  iis 
mncb,  judging  by  the  eye,  as  the  cauterised  specimens. 

Zea  miiyi. — The  tips  of  several  radicles,  extended  horizoutally 
in  damp  air,  were  dried  with  blotting-paper  and  then  touched 
in  the  first  trial  during  2  or  3  seconds  with  dry  caustic;  but 
this  was  too  long  a  contact,  for  the  tips  were  blackuaed  for  a 
leugth  of  rather  above  1  mm.  They  showed  no  eigiia  of  gii>- 
tropi-im  after  an  iuttrval  of  9  h.,  and  were  then  thromi  away. 
In  a  second  trial  tlie  tips  of  three  mdicles  were  toiiclicd  for  u 
shorter  time,  and  were  blackened  for  a  length  of  fium  O*.'  to 
076  mm. :  they  all  remained  horizontal  for  4  h.,  but  after  ti  li. 
30  m.  one  of  them,  in  which  the  blackened  tip  was  only  ti'&  luiu. 
in  length,  was  inclined  at  21"  beueath  the  horizon.  Six  con- 
trol radicles  all  becajae  slightly  geotropic  in  4  h.,  and  Httuugly 
£0  after  8  b.  30  m.,  with  the  chief  seat  of  curvature  gcnurally 
between  6  or  7  mm.  from  the  apex.  In  the  oanteriscd  spocimens, 
the  terminal  growing  part,  10  mm.  in  length,  incrcasod  during 
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the  8  h.  30  m.  to  a  mean  length  of  13  mm. ;  and  in  tlie  controlp 
to  14  3  mm. 

In  a  third  trial  the  tips  of  five  radicles  (exposed  to  a  temp, 
of  70°-71°)  were  touched  with  the  caustic  only  once  and  very 
slightly  ;  they  were  afterwards  examined  under  the  microscope, 
and  the  part  which  was  in  any  way  discoloured  was  on  an 
average  '76  mm.  in  length.  After  4  h.  10  m.  none  were  bent  ; 
after  5  h.  45  m.,  and  again  after  23  h.  30  m.,  they  still  remained 
horizontal,  excepting  one  which  was  now  inclined  20^  beneath 
the  horizon.  The  terminal  part,  10  mm.  in  length,  had  in- 
creased greatly  in  length  during  the  23  h.  30  m.,  viz.,  to  an 
average  of  26  mm.  Four  control  radicles  became  sliglitly  geo- 
tropic  after  the  4  h.  10  m.,  and  plainly  so  after  the  5  h.  45  m. 
Their  mean  length  after  the  23  h.  30  m.  had  increased  from 
10  mm.  to  31  mm.  Therefore  a  slight  cauterisation  of  the  tip 
checks  slightly  the  growth  of  the  whole  radicle,  and  manifestly 
stops  the  bending  of  that  part  which  ought  to  bend  most  under 
the  influence  of  gcotropism  and  which  still  continues  to 
increase  gieatly  in  length. 

Concluding  Remarlcs, — Abundant  evidence  has  now 
been  given,  showing  that  witn  various  plants  the  tip 
of  the  radicle  is  alone  sensitive  to  geotropism;  and 
that  when  thus  excited,  it  causes  the  adjoining  parts 
to  bend.  The  exact  length  of  the  sensitive  part  seems 
to  be  somewhat  variable,  depending  in  part  on  the  age 
of  the  radicle ;  but  the  destruction  of  a  length  of  from 
less  than  1  to  1*5  mm.  (about  Vi^th  of  an  inch),  in  the 
several  species  observed,  generally  sufiSced  to  prevent 
any  part  of  the  radicle  from  bending  within  24  h.,  or 
even  for  a  longer  period.  The  fact  of  the  tip  alone 
being  sensitive  is  so  remarkable  a  fact,  that  we  will 
here  give  a  brief  summary  of  the  foregoing  experiments. 
The  tips  were  cut  off  29  horizontally  extended  radicles 
of  Vicia  fahay  and  with  a  few  exceptions  they  did  not 
become  geotropic  in  22  or  23  h.,  whilst  unmutilated 
radicles  were  always  bowed  downwards  in  8  or  9  h.  It 
should  be  borne  in  mind  that  the  mere  act  of  cutting 
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those  Piid'h-I^  s  wrTr  al'lt-rwanls  rovoi^oil,  an^l  a:\;uu 
Uiuched  witii  lmiis;!**,  an  1  nono  of  tht^m  Kvamo  jri^v, 
tropic  in  24  h.,  whilst  iho  rovorsod  control  siMviiuouM 
became  stroiv'lv  In^wtMl  »h»\vn\variU  wiihin  llus  tiiui^ 
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With  Pisum  satiuum,  five  radicles  had  their  tips  touched 
with  caustic,  and  after  32  h.  four  were  still  horizontal. 
The  control  specimens  were  slightly  geotropic  in 
7  h.  20  m.,  and  strongly  so  in  24  h.  The  tips  of  9  other 
radicles  of  this  plant  were  touched  only  on  the  lower 
side,  and  6  of  them  remained  horizontal  for  24  h.,  or 
were  upturned  in  opposition  to  geotropism  ;  2  were 
slightly,  and  1  plainly  geotropic.  With  Phaseclm 
mvltifioruSy  15  radicles  were  cauterised,  and  8  re- 
mained horizontal  for  24  h. ;  whereas  all  the  controls 
were  plainly  geotropic  in  8  h.  30  m.  Of  5  cauterised 
radicles  of  Gossypiuin  hei'haceumy  4  remained  horizontal 
for  23  h.  and  1  became  slightly  geotropic ;  6  control 
radicles  were  distinctly  geotropic  in  7  h.  45  m.  Five 
radicles  of  Cucurhita  ovifera  remained  horizontal  in 
peat-earth  during  25  h.,  and  9  remained  so  in  damp 
air  during  SJ  h. ;  whilst  the  controls  became  slightly 
geotropic  in  4  h.  10  m.  The  tips  of  10  radicals  of  this 
plant  were  touched  on  their  lower  sides,  and  6  of 
them  remained  horizontal  or  were  upturned  aft^r  19  h., 
1  being  slightly  and  3  strongly  geotropic. 

Lastly,  the  tips  of  several  radicles  of  Vicia.faha  and 
Phaseolics  multijlorus  were  thickly  coated  with  grease 
for  a  length  of  3  mm.  This  matter,  which  is  highly 
injurious  to  most  plants,  did  not  kill  or  stop  the  growth 
of  the  tips,  and  only  slightly  lessened  the  rate  of 
growth  of  the  whole  radicle  ;  but  it  generally  delayed 
a  little  the  geotropic  bending  of  the  upper  part. 

The  several  foregoing  cases  would  tell  us  nothing, 
if  the  tip  itself  was  the  part  which  became  most 
bent ;  but  we  know  that  it  is  a  part  distant  from  the 
tip  by  some  millimeters  which  grows  quickest,  and 
which,  under  the  influence  of  geotropism,  bends  most. 
We  have  no  reason  to  suppose  that  this  part  is  injured 
by  the  death  or  injury  of  the  tip;  and  it  is  certair 
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that  after  the  tip  has  h^n  destroyed  this  part  goes  on 
growing  at  such  a  rate,  linii  its  length  was  often  doubled 
in  a  day.  We  hjtve  ais«>  se^E-n  that  the  destruction  of  the 
tip  does  not  prevent  the  a^ijoining  part  from  bending, 
ii  this  part  has  aJrea*Jy  receired  S'-»me  influence  from 
the  tip.  As  with  hjriz«.»n tally  extended  radicles,  of 
uhich  the  tip  has  been  cut  ofl*  or  destroyed,  the  part 
which  ought  to  Urnd  lacist  remains  motionless  for 
many  hours  or  days,  although  exposed  at  right  angles 
to  the  full  influence  of  ^eotropis:.),  we  must  conclude 
that  the  tip  alone  b  sensitive  to  this  power,  and  trans- 
mits some  influence  or  stimulus  to  the  adjoining  parts, 
causing  them  to  ben«l.  We  have  direct  evidence  of 
such  transmission  ;  for  when  a  radicle  was  left  extended 
horizontally  for  an  hour  or  an  hour  and  a  half,  by 
which  time  the  supposed  influence  will  have  travelled 
a  little  distance  from  the  tip,  and  the  tip  was  then 
cut  off,  the  radicle  afterwards  became  bent,  although 
placed  perpendicularly.  The  terminal  portions  of 
several  radicles  thus  treated  continued  for  some  time 
to  grow  in  the  direction  of  their  newly-acquired  curva- 
ture ;  for  as  they  were  destitute  of  tips,  they  were  no 
longer  acted  on  by  geotropism.  But  after  three  or 
four  days  when  new  vegetative  points  were  formed,  the 
radicles  were  again  acted  on  by  geotropism,  and  now 
they  curved  themselves  perpendicularly  downwards. 
To  see  anything  of  the  above  kind  in  the'  animal 
kingdom,  we  should  have  to  suppose  that  an  animal 
whilst  lying  down  determined  to  rise  up  in  some  par- 
ticular direction  ;  and  that  after  its  head  had  been  cut 
off,  an  impulse  continued  to  travel  very  slowly  along 
the  nerves  to  the  proper  muscles  ;  so  that  after  several 
hours  the  headless  animal  rose  up  in  the  predeter- 
mined direction. 

As  the  tip  of  the  radicle  has  l>een  found  to  bo  tho 
24 
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part  wliich  is  sensitive  to  geotropism  in  the  members  of 
such  distinct  families  as  the  Leguminosfle,  Malvaceae, 
Cucurbitaceae  and  Graminea),  we  may  infer  that  this 
character  is  common  to  the  roots  of  most  seedling 
plants.  Whilst  a  root  is  penetrating  the  ground,  the 
tip  must  travel  first ;  and  we  can  see  the  advantage  of 
its  being  sensitive  to  geotropism,  as  it  has  to  deter- 
mine the  course  of  the  whole  root.  Whenever  the  tip 
is  deflected  by  any  subterranean  obstacle,  it  will  also 
be  an  advantage  that  a  considerable  length  of  the  root 
should  be  able  to  bend,  more  especially  as  the  tip 
itself  grows  slowly  and  bends  but  little,  so  that  the 
proper  downward  course  may  be  soon  recovered.  But 
it  appears  at  first  sight  immaterial  whether  this  were 
effected  by  the  whole  growing  part  being  sensitive  to 
geotropism,  or  by  an  influence  transmitted  exclusively 
from  the  tip.  We  should,  however,  remember  that  it 
is  the  tip  which  is  sensitive  to  the  contact  of  hard 
objects,  causing  the  radicle  to  bend  away  from  them, 
thus  guiding  it  along  the  lines  of  least  resistance  in 
the  soil.  It  is  again  the  tip  which  is  alone  sensitive, 
at  least  in  some  cases,  to  moisture,  causing  the 
radicle  to  bend  towards  its  source.  These  two  kinds 
of  sensitiveness  conquer  for  a  time  the  sensitiveness 
to  geotropism,  which,  however,  ultimately  prevails. 
Therefore,  the  three  kinds  of  sensitiveness  must  often 
come  into  antagonism  ;  first  one  prevailing,  and  then 
another ;  and  it  would  be  an  advantage,  perhaps  a 
necessity,  for  the  interweighing  and  reconciling  of 
these  three  kinds  of  sensitiveness,  that  they  should 
be  all  localised  in  the  same  group  of  cells  which  have 
to  transmit  the  command  to  the  adjoining  parts  of 
the  radicle,  causing  it  to  bend  to  or  from  the  source  of 
irritation. 
Finally,  the  fact  of  the  tip  alone  being  sensitive  to 
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the  attraction  of  gravity  has  an  important  bearing  on 
the  theory  of  geotropism.  Authors  seem  generally  to 
look  at  the  bending  of  a  radicle  towards  the  centre  of 
the  earth,  as  the  direct  result  of  gravitation,  which  is 
believed  to  modify  the  growth  of  the  upper  or  lower 
surfaces,  in  such  a  manner  as  to  induce  curvature  in 
the  proper  direction.  But  we  now  know  that  it  is  the 
tip  alone  which  is  acted  on,  and  that  this  part  trans- 
mits some  influence  to  the  adjoining  parts,  causing 
them  to  curve  downwards.  Gravity  does  not  appear 
to  act  in  a  more  direct  manner  on  a  radicle,  than  it 
does  on  any  lowly  organised  animal,  which  moves 
away  when  it  feels  some  weight  or  pressure. 
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CHAPTER  XII. 

Summary  and  Con'cludinq  Remarks. 

Nature  of  the  circnmnutating  moveinent — Histt^ry  of  a  germinating 
seed  —  The  radicle  first  prutivides  and  ciicumnutatos— lis  tip 
highly  sensitive — Emergence  of  the  hypocotyl  or  of  the  epicutyl 
from  the  ground  under  the  form  of  an  arch— Its  circumnutation 
and  that  of  the  cotyledons — The  seedling  throws  up  a  leaf-bearing 
stem — The  circumnutation  of  nil  the  parts  or  organs— Modified 
circumnutation — Epinasty  and  hyponasty — Movements  of  climbing 
plants  — Nyctitrtipic  movements — Movements  excited  by  light  and 
gravitation — Localise*!  sensitiveness  —  Kesemblanoe  between  the 
movements  of  plants  and  animals — The  tip  of  the  nidicle  acts  like 
a  brain. 

It  may  be  useful  to  the  reader  if  we  briefly  sum  up 
the  chief  conclusions,  which,  as  far  as  we  can  judge, 
have  been  fairly  well  established  by  the  observations 
given  in  this  volume.  All  the  parts  or  organs  in 
every  plant  whilst  they  continue  to  grow,  and  some 
parts  which  are  provided  with  pulvini  after  they  have 
ceased  to  grow,  are  continually  circum nutating.  This 
movement  commences  even  before  the  young  seedling 
has  broken  through  the  ground.  The  nature  of  the 
movement  and  its  causes,  as  far  as  ascertained,  have 
been  briefly  described  in  the  Introduction.  Why 
every  part  of  a  plant  whilst  it  is  growing,  and  in  some 
cases  after  growth  has  ceased,  should  have  its  cells 
rendered  more  turgescent  and  its  cell-walls  more 
extensile  first  on  one  side  and  then  on  another,  thus 
inducing  circumnutation,  is  not  known.  It  would 
appear  as  if  the  changes  in  the  cells  required  periods 
of  rest. 
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In  frjme  cai'?5,  as  with  the  hvpocotyls  of  Brassica. 
tliG  leaves  of  Dioax-a  &D-1  the  joiuts  of  the  Gramiit'.'ir, 
the  ciroiininciutiRz  nivv^ment  when  riewe^l  under  tlie 
microscope  is  s^^n  to  c>ja';i:^t  of  iDDUiiicnible  smuU 
osciUations.  The  i«rt  nwk-i  (.l^ervation  sudileuly 
jerks  forwarls  lot  u  l-n;;:th  oi  -002  to  -001  of  an  inch, 
and  then  slowlr  T-;tiejiti  lor  a  purt  of  this  distance ; 
after  a  few  see<jQ'ls  it  u^uin  jerks  forwanls,  but  with 
many  intermissi<:-ns.  The  retreating  moTement  apjta- 
rently  is  due  to  the  elasticity  of  the  resisting  tissues. 
How  tiir  this  osciiialory  morement  is  general  we  do 
not  know,  as  Dot  many  eircumnutaling  plants  were 
observe!  by  us  under  the  microscope ;  but  no  such 
moTement  could  be  detecte<i  in  the  case  of  Drosera 
with  a  2-inch  object-glass  which  we  used.  The  pheno- 
menon is  a  remarkable  one.  The  whole  hypocotyl 
of  a  cabUige  or  the  whole  leaf  of  a  Diouaea  could  not 
jerk  forwards  unless  a  very  large  number  of  cells  on 
one  side  were  simultaneously  atl'ected.  Are  we  to  sup- 
pose that  these  cells  steadily  become  more  and  more 
turgescent  on  oae  side,  until  the  part  suddenly  yields 
and  bends,  iudncing  what  may  be  called  a  micro- 
scopically minute  earthquake  in  the  plant ;  or  do  the 
cells  on  one  side  suddenly  become  turgescent  in  an 
intermitteut  manner;  each  forward  movement  thus 
caused  being  opposed  by  the  elasticity  of  the  tissui^  ? 

Circumnutation  is  of  paramount  importance  in  the 
life  of  every  plant ;  for  it  is  through  its  modification 
that  many  highly  beneficial  or  nccessurv  movomcnts 
have  U>en  acquired.  When  light  strikes  cue  side 
of  a  plant,  or  light  changes  into  darkness,  or  when 
gravitation  acts  on  a  displaced  jmrf,  the  plant  is 
enabled  in  some  unknown  manner  to  iucrease  tlip 
always  varying  turgescence  of  the  cells  on  one  aide ; 
so  that  the   ordinary  circnmnutating    movement   is 
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modified,  and  the  part  bends  either  to  or  from  the 
exciting  cause ;  or  it  may  occupy  a  new  position,  as 
in  the  so-called  sleep  of  leaves.  The  influence  which 
modifies  circumnutation  may  be  transmitted  from  one 
part  to  another.  Innate  or  constitutional  changes, 
independently  of  any  external  agency,  often  modify 
the  circumnutating  movements  at  particular  periods 
of  the  life  of  the  plant.  As  circumnutation  is  uni- 
versally present,  we  can  understand  how  it  is  that 
movements  of  the  same  kind  have  been  developed  in 
the  most  distinct  members  of  the  vegetable  series. 
But  it  must  not  be  supposed  that  all  the  movements 
of  plants  arise  from  modified  circumnutation ;  for,  as 
we  shall  presently  see,  there  is  reason  to  believe  that 
this  is  not  the  case. 

Having  made  these  few  preliminary  remarks,  we 
will  in  imagination  take  a  germinating  seed,  and  con- 
sider the  part  which  the  various  movements  play  in 
the  life-history  of  the  plant.  The  first  change  is  the 
protrusion  of  the  radicle,  which  begins  at  once  to 
circumnutate.  This  movement  is  immediately  modi- 
fied by  the  attraction  of  gravity  and  rendered  geo- 
tropic.  The  radicle,  therefore,  supposing  the  seed  to 
be  lying  on  the  surface,  quickly  bends  downwards,  fol- 
lowing a  more  or  less  spiral  course,  as  was  seen  on  the 
smoked  glass-plates.  Sensitiveness  to  gravitation  re- 
sides in  the  tip;  and  it  is  the  tip  which  transmits 
some  influence  to  the  adjoining  parts,  causing  them 
to  bend.  As  soon  as  the  tip,  protected  by  the  root- 
cap,  reaches  the  ground,  it  penetrates  the  surface,  if 
this  be  soft  or  friable ;  and  the  act  of  penetration  is 
apparently  aided  by  the  rocking  or  circumnutating 
movement  of  the  whole  end  of  the  radicle.  If  the  sur- 
face is  compact,  and  cannot  easily  be  penetrated,  thon 
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or  oblique  fissure  in  the  earth,  or  a  burrow  made  by 
an  earth-worm  or  larva;  and  it  is  certain  that  roots 
often  run  down  the  old  burrows  of  worms.  The  tip, 
however,  in  endeavouring  to  circiminutate,  will  con- 
tinually press  against  the  earth  on  all  sides,  and  this 
can  hardly  fail  to  be  of  the  highest  importance  to  the 
plant ;  for  we  have  seen  that  when  little  bits  of  card- 
like paper  and  of  very  thin  paper  were  cemented  on 
opposite  sides  of  the  tip,  the  whole  growing  part  of 
the  radicle  was  excited  to  bend  away  from  the  side 
bearing  the  card  or  more  resisting  substance,  towards 
the  side  bearing  the  thin  paper.  We  may  therefore 
feel  almost  sure  that  when  the  tip  encounters  a  stone 
or  other  obstacle  in  the  ground,  or  even  earth  more 
compact  on  one  side  than  the  other,  the  root  will  bend 
away  as  much  as  it  can  from  the  obstacle  or  the  more 
resisting  earth,  and  will  thus  follow  with  unerring 
skill  a  line  of  least  resistance. 

The  tip  is  more  sensitive  to  prolonged  contact  with 
an  object  than  to  gravitation  when  this  acts  obliquely 
on  the  radicle,  and  sometimes  even  when  it  acts  in  the 
most  favourable  direction  at  right  angles  to  the  radicle. 
The  tip  was  excited  by  an  attached  bead  of  shellac, 
weighing  less  than  ^^^th  of  a  grain  (0*33  mg.) ;  it  is 
therefore  more  sensitive  than  the  most  delicate  ten- 
dril, namely,  that  of  Passijlora  graciliSy  which  was  barely 
acted  on  by  a  bit  of  wire  weighing  ^th  of  a  grain.  But 
this  degree  of  sensitiveness  is  as  nothing  compared  with 
that  of  the  glands  of  Drosera,  for  these  are  excited  by 
particles  weighing  only  y^f^  of  a  grain.  The  sensi- 
tiveness of  the  tip  cannot  be  accounted  for  by  its 
being  covered  by  a  thinner  layer  of  tissue  than  the 
other  parts,  for  it  is  protected  by  the  relatively  thick 
root-cap.  It  is  remarkable  that  although  the  radicle 
bends  away,  when  one  side  of  the  tip  is  slightly  touched 
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witli  cacfd-^  tt^  zf  iisT  air  :»r  r.  ^rl  ^-iui-riisied  the 
indneDce  lo  iiht  i»:i  .cLiz-r  tat:*  ct^nsli^  ii*rni  t->  l»rTi'L 

After  i^  rj»i:  j^T  ijsj  ':»re3.  ivSi^ei  tj  a^r.se  ol«?i*?le, 
j^reoir.'pian  dir^:-!;*  •!•=:  r:;  kziiii  *o  zri-w  jK-rpti-n-iicu- 
larly  do^Tiwiri* ;  l«r:  z'^.^rr.zisii  is  &  frvble  f^C'wer, 
and  hrrr,  jks  Sa^Ls  Lts  fL.Trn.  ^zioihrr  iiit<ertsiing 
addpure  EiTrriL*:-:  c.r.^  ii.M»  j-lij:  kt  ra^iicles  at 
a  distance  of  &  irir  Tr.i'.]3?r.eT^rs  ir-.m  ihe  tip  are 
sensitire  t'>  pr:I>i:i'-^i  M'liTi^i-t  in  5uch  a  manner  that 
thev  bend  t-i-wirl*  \l^  :*.  "sciiin^  vl'jeei,  inst»:*l  of  from 
it  as  c^cciirs  wii-rn  an  oV^Tei  I'-nL-Les  one  side  of  the 
tip.  JIureti'T'Tr.  liie  c-rvanire  tLiis  caua^l  is  abrupt ; 
the  presse-i  jiart  alvi^e  L*en  iin^.  Even  slight  pressure 
suffices,  such  as  a  bit  of  eari  cemented  to  one  side. 
Therelore  a  ra-iicle,  as  it  p^ssoS  over  the  edge  of  any 
obstacle  in  the  ground,  viill  through  the  action  of  geo- 
tropism  press  agi^inst  it ;  and  this  pressure  will  cause 
the  radicle  to  end«ravMur  to  bend  abruptly  over  the 
edge.  It  will  thus  reojver  as  quickly  as  possible  its 
nonnal  downward  course. 

Badicles  are  also  sensirive  to  air  which  contains 
more  moisture  on  one  side  than  the  other,  and  thov 
bend  towards  its  source.  It  is  therefore  probable  that 
they  are  in  like  manner  sensitive  to  dampness  in  the 
soil.  It  was  ascertained  in  several  crises  that  this 
sensitiveness  resides  in  the  tip,  which  tnuisniits  an 
influence  causing  the  adjoining  upjvr  part  to  IhmuI 
in  opposition  to  geotropism  towards  the  moist  objtvt. 
We  may  therefore  infer  that  roots  will  ho.  dottivtod 
from  their  downward  course  towanls  any  source  ol 
moisture  in  the  soil. 

Again,  most  or  all  radicles  are  slightly  stMisitivo  to 
light,  and,  according  to  Wiesncr,  generally  Ix^nd  a  little 
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from  it.  Whether  this  can  be  of  any  service  to  them 
is  very  doubtful,  but  with  seeds  germinating  on  the 
surface  it  will  slightly  aid  geotropism  in  directing 
the  radicles  to  the  ground.*  We  ascertained  in  one 
instance  that  such  sensitiveness  resided  in  the  tip,  and 
caused  the  adjoining  parts  to  bend  from  the  light. 
The  sub-aerial  roots  observed  by  Wiesner  were  all 
apheliotropic,  and  this,  no  doubt,  is  of  use  in  bringing 
them  into  contact  with  trunks  of  trees  or  surfaces  of 
rock,  as  is  their  habit. 

We  thus  see  that  with  seedling  plants  the  tip  of  the 
radicle  is  endowed  with  diverse  kinds  of  sensitiveness  ; 
and  that  the  tip  directs  the  adjoining  growing  parts 
to  bend  to  or  from  the  exciting  cause,  according  to  the 
needs  of  the  plant.  The  sides  of  the  radicle  are  also 
sensitive  to  contact,  but  in  a  widely  diflFerent  manner. 
Gravitation,  though  a  less  powerful  cause  of  move- 
ment than  the  other  above  specified  stimuli,  is  ever 
present ;  so  that  it  ultimately  prevails  and  determines 
the  downward  growth  of  the  root. 

The  primary  radicle  emits  secondary  ones  which 
project  sub-horizontally ;  and  these  were  observed  in 
one  case  to  circumnutate.  Their  tips  are  also  sensitive 
to  contact,  and  they  are  thus  excited  to  bend  away 
from  any  touching  object;  so  that  they  resemble  in 
these  respects,  as  far  as  they  were  observed,  the 
primary  radicles.  If  displaced  they  resume,  as  Sachs 
liiis  shown,  their  original  sub-horizontal  position ;  and 
tliis  apparently  is  due  to  diageotropism.  The  secondary 
radicles  emit  tertiary  ones,  but  these,  in  the  case  of 
the  bean,  are  not  aflFected  by  gravitation ;  consequently 
they   protrude   in   all   directions.     Thus  the  general 


♦  Dr.  Karl  Richter.  who  has  in  Wien/ 1879,  p.  149).  states  thai 
39pecia11yattc'n'ied  tolhis  uubj(>ct  apbeliotropiem  does  not  aid  rar 
(*  K.  Akud.  der  Wi88cns<rhattcn      dicles  iu  penetrating  the  ground. 
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arrangement  of  the  three  orders  of  roots  is  excellently 
adapted  for  searching  the  whole  soil  for  nutriment. 

Sachs  has  shown  that  if  the  tip  of  the  primary 
radicle  is  cut  off  (and  the  tip  will  occasionally  be 
gnawed  off  with  seedlings  in  a  state  of  nature)  one  of 
the  secondary  radicles  grows  perpendicularly  down- 
wards, in  a  manner  which  is  analogous  to  the  upward 
growth  of  a  lateral  shoot  after  the  amputation  of 
the  leading  shoot.  We  have  seen  with  radicles  of  the 
bean  that  if  the  primary  radicle  is  merely  compressed 
instead  of  being  cut  off,  so  that  an  excess  of  sap  is 
directed  into  the  secondary  radicles,  their  natural  con- 
dition is  disturbed  and  they  grow  downwards.  Other 
analogous  feicts  have  been  given.  As  anything  which 
disturbs  the  constitution  is  apt  to  lead  to  reversion, 
that  is,  to  the  resumption  of  a  former  character,  it 
appears  probable  that  when  secondary  radicles  grow 
downwards  or  lateral  shoots  upwards,  they  revert  to 
the  primary  manner  of  growth  proper  to  radicles  and 
shoots. 

With  dicotyledonous  seeds,  after  the  protrusion  of 
the  radicle,  the  hypocotyl  breaks  through  the  seed- 
coats  ;  but  if  the  cotyledons  are  hypogean,  it  is  the 
epicotyl  which  breaks  forth.  These  organs  are  at  first 
invariably  arched,  with  the  upper  part  bent  back 
parallel  to  the  lower ;  and  they  retain  this  form  until 
they  have  risen  above  the  ground.  In  some  cases, 
however,  it  is  the  petioles  of  the  cotyledons  or  of  the 
first  true  leaves  which  break  through  the  seed-coats 
as  well  as  the  ground,  before  any  part  of  the  stem 
protrudes ;  and  then  the  petioles  are  almost  invariablv 
arched.  We  have  met  with  only  one  exception,  and  that 
only  a  partial  one,  namely,  with  the  petioles  of  the  twc 
first  leaves  of  Acanthus  canddahrum.  With  Ddphinivm 
nudicaule  the  petioles  of  the  two  cotyledons  are  com- 
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pletely  confluent,  and  they  break  through  the  grounj 
as  an  arch ;  afterwards  the  petioles  of  the  successively 
formed  early  leaves  are  arched,  and  they  are  thus 
enabled  to  break  through  the  base  of  the  confluent 
petioles  of  the  cotyledons.  In  the  case  of  Megarrhiza, 
it  is  the  plumule  which  breaks  as  an  arch  through  the 
tube  formed  by  the  confluence  of  the  cotyledon- 
petioles.  With  mature  plants,  the  flower-stems  and 
the  leaves  of  some  few  species,  and  the  rachis  of 
several  ferns,  as  they  emerge  separately  from  the 
ground,  are  likewise  arched. 

The  fact  of  so  many  diflerent  organs  in  plants  of 
many  kinds  breaking  through  the  ground  under  the 
form  of  an  arch,  shows  that  this  must  be  in  some 
manner  highly  important  to  them.  According  to 
Haberlandt,  the  tender  growing  apex  is  thus  saved 
from  abrasion,  and  this  is  probably  the  true  explana- 
tion. But  as  both  legs  of  the  arch  grow,  their  power 
of  breaking  through  the  ground  will  be  much  in- 
creased as  long  as  the  tip  remains  within  the  seed- 
coats  and  has  a  point  of  support.  In  the  case  of 
monocotyledons  the  plumule  or  cotyledon  is  rarely 
arched,  as  far  as  we  have  seen ;  but  this  is  the  case 
with  the  leaf-like  cotyledon  of  the  onion ;  and  the 
crown  of  the  arch  is  here  strengthened  by  a  special 
protuberance.  In  the  Gramineae  the  summit  of  the 
straight,  sheath-like  cotyledon  is  developed  into  a 
hard  sharp  crest,  which  evidently  serves  for  breaking 
through  the  earth.  With  dicotyledons  the  arching  oi 
the  epicotyl  or  hypocotyl  often  appears  as  if  it  merely 
resulted  from  the  manner  in  which  the  parts  are 
packed  within  the  seed;  but  it  is  doubtful  whether 
this  is  the  whole  of  the  truth  in  any  case,  and  it  cer- 
tainly was  not  so  in  several  cases,  in  which  the  arch- 
ing was  seen  to  commence  after  the  parts  had  whollj 
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escaped  from  the  seed-coats.  As  the  arching  occurred 
in  whatever  position  the  seeds  were  placed,  it  is  no 
doubt  due  to  temporarily  increased  growth  of  the 
nature  of  epinasty  or  hyjx>nasty  along  one  side  of  the 
[)art. 

As  this  habit  of  the  hyjKxrotyl  to  arch  itself  appears 
to  be  universal,  it  is  probably  of  very  ancient  origin. 
It  is  therefore  not  surprising  that  it  should  be  in- 
herited, at  least  to  some  extent,  by  plants  having 
hypogean  cotyledons,  in  which  the  hypocotyl  is  only 
slightly  developed  and  never  protrudes  above  the 
ground,  and  in  which  the  arching  is  of  course  now 
quite  useless.  This  tendency  explains,  as  we  have 
seen,  the  curvature  of  the  hypocotyl  (and  the  conse- 
quent movement  of  the  radicle)  which  was  first 
observed  by  Sachs,  and  which  we  have  often  had  to 
refer  to  as  Sachs'  curvature. 

The  several  foregoing  arched  organs  are  continually 
circumnutating,  or  endeavouring  to  circumnutate,  even 
before  they  break  through  the  ground.  As  soon  as 
any  part  of  the  arch  protrudes  from  the  seed-coats  it 
is  acted  upon  by  apogeotropism,  and  both  the  legs 
bend  upwards  as  quickly  as  the  surrounding  earth  will 
permit,  until  the  arch  stands  vertically.  By  continued 
growth  it  then  forcibly  breaks  through  the  ground; 
but  as  it  is  continually  striving  to  circumnutate  this 
will  aid  its  emergence  in  some  slight  degree,  for  we 
know  that  a  circumnutating  hypocotyl  can  push  away 
damp  sand  on  all  sides.  As  soon  as  the  faintest  ray  of 
light  reaches  a  seedling,  heliotropism  will  guide  it 
through  any  crack  in  the  soil,  or  through  an  entangled 
mass  of  overlying  vegetation;  for  apogeotropism  by 
itself  can  direct  the  seedling  only  blindly  upwards. 
Hence  probably  it  is  that  sensitiveness  to  light  resides 
in  the  tip  of  the  cotyledons  of  the  Graminc^ir,  and  in 
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the  upper  part  of  the  hypocotjrls  of  at  least  some 
plants. 

As  the  arch  grows  upwards  the  cotyledons  are 
dragged  out  of  the  ground.  The  seed-coats  are  either 
left  behind  buried,  or  are  retained  for  a  time  still 
enclosing  the  cotyledons.  These  are  afterwards  cast 
off  merely  by  the  swelling  of  the  cotyledons.  But 
with  most  of  the  Cucurbitaceae  there  is  a  curious 
special  contrivance  for  bursting  the  seed-coats  whilst 
beneath  the  ground,  namely,  a  peg  at  the  base  of  the 
hypocotyl,  projecting  at  right  angles,  which  holds  down 
the  lower  half  of  the  seed-coats,  whilst  the  growth 
of  the  arched  part  of  the  hypocotyl  lifts  up  the  upper 
half,  and  thus  splits  them  in  twain.  A  somewhat 
analogous  structure  occurs  in  Mimosa  pudica  and  some 
other  plants.  Before  the  cotyledons  are  fully  ex- 
panded and  have  diverged,  the  hypocotyl  generally 
straightens  itself  by  increased  growth  along  the  con- 
cave side,  thus  reversing  the  process  which  caused 
the  arching.  Ultimately  not  a  trace  of  the  former 
curvature  is  left,  except  in  the  case  of  the  leaf-like 
cotyledons  of  the  onion. 

The  cotyledons  can  now  assume  the  function  of 
leaves,  and  decompose  carbonic  acid ;  they  also  yield 
up  to  other  parts  of  the  plant  the  nutriment  which 
they  often  contain.  When  they  contain  a  large  stock 
of  nutriment  they  generally  remain  buried  beneath 
the  ground,  owing  to  the  small  development  of  the 
hyp(jcotyl;  and  thus  they  have  a  better  chance  of 
escaping  destruction  by  animals.  From  unknown 
causes,  nutriment  is  sometimes  stored  in  the  hypocotyl 
or  in  the  radicle,  and  then  one  of  the  cotyledons  or 
both  become  rudimentary,  of  which  several  instances 
have  been  given.  It  is  probable  that  the  extraordi- 
nary manner  of  germination  of  Megarrhiza  Califoifiiea^ 


loots.  miicL  ici  III:  -efcJL  J  nr^  fc^  5*i.»  ked  iriih  iiiitri- 
ment :  i:c  11  liiese  xiimii^  h   is  liir  T«rai*ks  of  li^ 

like  a  r^»i  kiii  jtenetrfc.i'^  iL*-  CT^TZLii  s^:*  ih«t  the  tme 
rc^;»t,  whi*rii  kfi^enrfcrd*  l»tic^:«mtis  rreialT  enlarged,  is 
boned  kX  fnfme  linie  6f  i<Ui  bexieioii  liie  surface,  Gia- 
dation*  of  stra'/nLre  kre  alwuvs  iiiieresriiur,  and  Asa 

likevisc;  fc*nn«  hii^e  mbers,  the  LvjkkX'TtI  is  still  <tt 
considerable  len^ii,  and  the  jietioles  erf  tie  cotyledons 
are  onlv  inod*rTnxelT  eL:>n^at^  But  in  addition  to  the 
advantagre  gained  hy  the  concealment  of  the  nutritioiis 
matter  stored  within  the  tubers,  the  plumule,  at  least 
in  the  case  of  Megairhiza,  is  protected  from  the  fivists 
of  winter  bv  being:  buried. 

With  many  dicotrledonous  seedlings,  as  has  latolv 
been  described  by  De  Yries,  the  contraction  of  the 
parenchyma  of  the  upper  part  of  the  radicle  drags  the 
hypocotyl  downwards  into  the  earth ;  sometimes  (it  is 
said)  until  even  the  cotyledons  are  buried.  The  hy|H>- 
cotyl  itself  of  some  species  contracts  in  a  like  manner. 
It  is  believed  that  this  burying  process  starves  to 
protect  the  seedlings  against  the  frosts  of  winter. 

Our  imaginary  seedling  is  now  mature  as  a  soodlin^, 
for  its  hypocotyl  is  straight  and  its  cotyledons  art^ 
fully  expanded.  In  this  state  the  upiK'r  pirt  of  the 
hypocotyl  and  the  cotyledons  continue  for  sonn*  tiniu 
to  circumnutate,  generally  to  a  wido  exiont  ri^lat  vt^Iy 
to  the  size  of  the  parts,  and  at  a  rapid  rato.  Jlut 
seedlings  profit  by  this  power  of  moveniont  only  \\\\i>\\ 
it  is  modified,  especially  by  the  action  of  light  and 
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gravitation  ;  for  they  are  thus  enabled  to  move  more 
rapidly  and  to  a  greater  extent  than  can  most  mature 
plants.  Seedlings  are  subjected  to  a  severe  struggle 
for  life,  and  it  appears  to  be  highly  important  to  them 
that  they  should  adapt  themselves  as  quickly  and  as 
perfectly  as  possible  to  their  conditions.  Hence  also 
it  is  that  they  are  so  extremely  sensitive  to  light  and 
gravitation.  The  cotyledons  of  some  few  species  are 
sensitive  to  a  touch ;  but  it  is  probable  that  this  is 
only  an  indirect  result  of  the  foregoing  kinds  of  sen- 
sitiveness, for  there  is  no  retvson  to  believe  that  they 
profit  by  moving  when  touched. 

Our  seedling  now  throws  up  a  stem  bearing  leaves, 
and  often  branches,  rfll  of  which  whilst  young  are  con- 
tinually circumnutating.  If  we  look,  for  instance,  at  a 
great  acacia  tree,  we  may  feel  assured  that  every  one  of 
the  innumerable  growing  shoots  is  constantly  describ- 
ing small  ellipses  ;  as  is  each  petiole,  sub-petiole,  and 
leaflet.  The  latter,  as  well  as  ordinary  leaves,  gene- 
rally move  up  and  dovra  in  nearly  the  same  vertical 
plane,  so  that  they  describe  very  narrow  ellipses. 
The  flower-peduncles  are  likewise  continually  circum- 
nutating. If  we  could  look  beneath  the  ground,  and 
our  eyes  had  the  power  of  a  microscope,  we  should  see 
the  tip  of  each  rootlet  endeavouring  to  sweep  small 
ellipses  or  circles,  as  far  as  the  pressure  of  the  sur- 
rounding earth  permitted.  All  this  astonishing  amount 
of  movement  has  been  going  on  year  after  year  since 
the  time  when,  as  a  seedling,  the  tree  first  emerged 
from  the  ground. 

Stems  are  sometimes  developed  into  long  runners  or 
stolons.  These  circumnutate  in  a  conspicuous  manner,  and 
are  thus  aided  in  passing  between  and  over  surrounding 
obstacles.  But  whether  the  circumnutating  movement 
has  l>cen  increased  for  this  special  purpose  is  doubtfuL 
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We  have  now  to  consider  circumnntation  in  a 
modified  form,  as  the  source  of  several  great  classes  of 
movement.  The  modification  may  be  determined  by 
innate  causes,  or  by  external  agencies.  Under  the  first 
head  we  see  leaves  which,  when  firet  unfolded,  stand 
in  a  vertical  position,  and  gradually  bend  downwards 
as  they  grow  older.  We  soe  flower-peduncles  bending 
down  after  the  flower  has  withered,  and  others  rising 
up ;  or  again,  stems  with  their  tips  at  first  bowed 
downwards,  so  as  to  be  hooked,  afterwards  straighten- 
ing themselves ;  and  many  other  such  cases.  These 
changes  of  position,  which  are  due  to  epinasty  or 
hyponasty,  occur  at  certain  periods  of  the  life  of  the 
plant,  and  are  independent  of  any  external  agency. 
They  are  eflected  not  by  a  continuous  upward  or 
downward  movement,  but  by  a  succession  of  small 
ellipses,  or  by  zigzag  lines, — that  is,  by  a  circum- 
nutating  movement  which  is  preponderant  in  some 
one  direction. 

Again,  climbing  plants  whilst  young  circumnutate 
in  the  ordinary  manner,  but  as  soon  as  the  stem 
has  grown  to  a  certain  height,  which  is  difierent  for 
difierent  species,  it  elongates  rapidly,  and  now  the 
amplitude  of  the  circumnutating  movement  is  im- 
mensely increased,  evidently  to  favour  the  stem  catch- 
ing hold  of  a  support.  The  stem  also  circumnutates 
rather  more  equally  to  all  sides  than  in  the  case  of 
non-climbing  plants.  This  is  conspicuously  the  case 
with  those  tendjils  which  consist  of  modified  leaves, 
as  these  sweep  wide  circles ;  whilst  ordinary  leaves 
usually  circumnutate  nearly  in  the  same  vertical  plane. 
Flower-peduncles  when  converted  into  tendrils  have 
their  circumnutating  movement  in  like  manner  greatly 
increased. 

We  now  come  to  our  second  group  of  circuranu- 
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tating  movements — tliose  modified  through  external 
agencies.  The  so-called  sleep  or  nyctitropic  move- 
ments of  leaves  are  determined  by  the  daily  alterna- 
tions of  light  and  darkness.  It  is  not  the  darkness 
which  excites  them  to  move,  but  the  diflFerence  in  the 
amount  of  light  which  they  receive  during  the  day 
and  night ;  for  with  several  species,  if  the  leaves  have 
not  been  brightly  illuminated  during  the  day,  they 
do  not  sleep  at  night.  They  inherit,  however,  some 
tendency  to  move  at  the  proper  periods,  indepen- 
dently of  any  change  in  the  amount  of  light.  The 
movements  are  in  some  cases  extraordinarily  complex, 
but  as  a  full  summary  has  been  given  in  the  chapter 
devoted  to  this  subject,  we  will  here  say  but  little  on 
this  head.  Leaves  and  cotyledons  assume  their  noc- 
turnal position  by  two  means,  by  the  aid  of  pulvini  and 
without  such  aid.  In  the  former  case  the  movement 
continues  as  long  as  the  leaf  or  cotyledon  remains  in 
full  health  ;  whilst  in  the  latter  case  it  continues  only 
whilst  the  part  is  growing.  Cotyledons  appear  to 
sleep  in  a  larger  proportional  number  of  species  than 
do  leaves.  In  some  species,  the  leaves  sleep  and  not 
the  cotyledons  ;  in  others,  the  cotyledons  and  not  the 
leaves ;  or  both  may  sleep,  and  yet  assume  widely 
dififerent  positions  at  night. 

Although  the  nyctitropic  movements  of  leaves  and 
cotyledons  are  wonderfully  diversified,  and  sometimes 
differ  much  in  the  species  of  the  same  genus,  yet  the 
blade  is  always  placed  in  such  a  position  at  night,  that 
its  upper  surface  is  exposed  as  little  as  possible  to  full 
radiation.  We  cannot  doubt  that  this  is  the  object 
gained  by  these  movements ;  and  it  has  been  proved 
that  leaves  exposed  to  a  clear  sky,  with  their  blades 
compelled  to  remain  horizontal,  suffered  much  more 
from  the  cold  than  others  which  wore  allowed  to  assume 
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their  proper  Tertical  position.  Some  curious  facts 
have  l>een  given  under  this  head,  showing  that  hori- 
zontally extended  leaves  suffered  more  at  night,  when 
the  air,  which  is  not  cooled  by  radiation,  was  prevented 
from  freely  circulating  beneath  their  lower  surfaces ; 
and  so  it  was,  when  the  leaves  were  allowed  to  go  to 
sleep  on  branches  which  had  been  rendered  motionless. 
In  some  species  the  petioles  rise  up  greatly  at  night, 
and  the  pinnas  close  together.  The  whole  plant  is 
thus  rendered  more  compact,  and  a  much  smaller 
surface  is  exposed  to  radiation. 

That  the  various  nyctitropic  movements  of  leaves 
result  from  modified  circumnutation  has,  we  think, 
been  clearly  shown.  In  the  simplest  cases  a  leaf 
describes  a  single  large  ellipse  during  the  24  h. ;  and 
the  movement  is  so  arranged  that  the  blade  stands 
vertically  during  the  night,  and  reassumes  its  former 
position  on  the  following  morning.  The  course  pursued 
differs  from  ordinary  circumnutation  only  in  its  greater 
amplitude,  and  in  its  greater  rapidity  late  in  the 
evening  and  early  on  the  following  morning.  Unless 
this  movement  is  admitted  to  be  one  of  circumnu- 
tation, such  leaves  do  not  circumnutate  at  all,  and  this 
would  be  a  monstrous  anomaly.  In  other  cases,  leaves 
and  cotyledons  describe  several  vertical  ellipses  during 
the  24  h. ;  and  in  the  evening  one  of  them  is  increased 
greatly  in  amplitude  until  the  blade  stands  vertically 
cither  upwards  or  downwards.  In  this  position  it  con- 
tinues to  circumnutate  until  the  following  morning, 
when  it  reassumes  its  former  position.  These  move- 
ments, when  a  pulvinus  is  present,  are  often  compli- 
cated by  the  rotation  of  the  leaf  or  leaflet ;  and  such 
rotation  on  a  small  scale  occurs  during  ordinary  cir- 
cumnutation. The  many  diagrams  showing  the  move- 
ments of  sleeping  and  non-sleeping  leaves  and  coty- 
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ledoiis  should  be  compared,  and  it  will  be  seen  that 
they  are  essentially  alike.  Ordinary  cireumnutation 
is  converted  into  a  nyctitropic  movement,  firstly  by  an 
increase  in  its  amplitude,  but  not  to  so  great  a  degree 
as  in  the  case  of  climbing  plants,  and  secondly  by  its 
being  rendered  periodic  in  relation  to  the  alterna- 
tions of  day  and  night.  But  there  is  frequently  a 
distinct  trace  of  periodicity  in  the  circumnutating 
movements  of  non-sleeping  leaves  and  cotyledons. 
The  fact  that  nyctitropic  movements  occur  in  species 
distributed  in  many  families  throughout  the  whole 
vascular  series,  is  intelligible,  if  they  result  from  the 
modification  of  the  universally  present  movement  of 
cireumnutation  ;  otherwise  the  fact  is  inexplicable. 

In  the  seventh  chapter  we  have  given  the  case  of 
a  Porlieria,  the  leaflets  of  which  remained  closed  all 
day,  as  if  asleep,  when  the  plant  was  kept  dry,  appa- 
rently for  the  sake  of  checking  evaporation.  Some- 
tliing  of  the  same  kind  occurs  with  certain  Gramineae. 
At  the  close  of  this  same  chapter,  a  few  observations 
were  appended  on  what  may  be  called  the  embryology 
of  leaves.  The  leaves  produced  by  young  shoots  on 
cut-down  plants  of  Melilottis  taurica  slept  like  those  of 
a  Trifolium,  whilst  the  leaves  on  the  older  branches 
on  the  same  plants  slept  in  a  very  different  manner, 
proper  to  the  genus ;  and  from  the  reasons  assigned 
we  are  tempted  to  look  at  this  case  as  one  of  reversion 
to  a  former  nyctitropic  habit.  So  again  with  Desmo- 
dium  ffyrans,  the  absence  of  small  lateral  leaflets  on 
very  young  plants,  makes  us  suspect  that  the  imme- 
diate progenitor  of  this  species  did  not  possess  lateral 
leaflets,  and  that  their  appearance  in  an  almost  rudi- 
mentary condition  at  a  somewhat  more  advanced  age 
is  the  result  of  reversion  to  a  trifoliate  predecessor. 
However  this  may  be,   the   rapid  circumnutating  or 
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gyrating  movements  of  tlie  little  lateral  leaflets,  seem 
to  be  due  proximately  to  the  pulvinus,  or  organ  of 
movement,  not  having  been  reduced  nearly  so  much 
as  the  blade,  during  the  successive  modifications 
through  which  the  species  has  passed. 

We  now   come   to  the  highly   important   class   of 
movements  due  to  the  action  of  a  lateral  light.     When 
stems,  leaves,  or  other  organs  are  placed,  so  that  one 
side  is  illuminated  more  brightly  than  the  other,  they 
bend  towards  the  light.     This  heliotropic  movement 
manifestly  results  from  the  modification  of  ordinary 
circumnutation  ;  and  every  gradation  between  the  two 
movements  could  be  followed.     When  the  light  was 
dim,  and  only  a  very  little  brighter  on  one  side  than 
on  the  other,  the  movement  consisted  of  a  succession 
of  ellipses,  directed  towards  the  light,  each  of  which 
approached  nearer  to  its  source  than  the  previous  one. 
When  the  diflerence  in  the  light  on  the  two  sides 
was  somewhat  greater,  the   ellipses   were   drawn  out 
into  a  strongly-marked  zigzag  line,  and  when  much 
greater    the    course    became    rectilinear.     We    have 
reason  to  believe  that  changes  in  the  turgescence  ol 
the   cells   is   the   proximate  cause  of  the  movement 
of  circumnutation  ;  and  it  ai)pears  that  when  a  plant 
is  unequally  illuminated  on  the  two  sides,  the  always 
changing  turgescence  is  augmented  along  one   side, 
and  is  weakened  or  quite   arrested  along  the   other 
sides.    Increased  turgescence  is  commonly  followed  by 
increased  growth,  so  that  a  plant  which  has  bent  itself 
towards  the  light  during  the  day  would  be  fixed  in  this 
position  were  it  not  for  apogeotropism  acting  during 
the  night.     But  parts  provided  with  pulvini  bend,  as 
Pfefler  has  shown,  towards  the  light ;  and  here  growth 
does  not  come  into  play  any  more  than  in  the  ordinary 
circumnutating  movements  of  pulvini. 
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Heliotropism  prevails  widely  throughout  the  vege- 
table kingdom,  but  whenever,  from  tlie  changed  habita 
of  life  of  any  plant,  such  movements  become  injurious 
or  useless,  the  tendency  is  easily  eliminated,  as  we  see 
with  climbing  and  insectivorous  plants. 

Apheliotropic  movements  are  comparatively  rare  in 
a  well-marked  degree,  excepting  with  sub-aerial  roots. 
In  the  two  cases  investigated  by  us,  the  movement 
certainly  consisted  of  modified  circumnutation. 

The  position  which  leaves  and  cotyledons  occupy 
during  the  day,  namely,  more  or  less  transversely  to 
the  direction  of  the  light,  is  due,  according  to  Frank, 
to  what  we  call  diaheliotropism.  As  all  leaves  and 
cotyledons  are  continually  circumnutating,  there  can 
hardly  be  a  doubt  that  diaheliotropism  results  from 
modified  circumnutation.  From  the  fact  of  leaves  and 
cotyledons  frequently  rising  a  little  in  the  evening,  it 
appears  as  if  diaheliotropism  had  to  conquer  during 
the  middle  of  the  day  a  widely  prevalent  tendency  to 
apogeotropism. 

Lastly,  the  leaflets  and  cotyledons  of  some  plants 
are  known  to  be  injured  by  too  much  light;  and  when 
the  sun  shines  brightly  on  them,  they  move  upwards 
or  downwards,  or  twist  laterally,  so  that  they  direct 
their  edges  towards  the  light,  and  thus  they  escape 
being  injured.  These  parahelio tropic  movements  cer- 
tainly consisted  in  one  case  of  modified  circumnuta- 
tion ;  and  so  it  probably  is  in  all  cases,  for  the  leaves 
of  all  the  species  described  circumnutate  in  a  con- 
spicuous manner.  This  movement  has  hitherto  been 
observed  only  with  leaflets  provided  witli  pulvini,  in 
which  the  increased  turgescence  on  opposite  sides  is 
not  followed  by  growth  ;  and  we  can  understand  why 
this  should  be  so,  as  the  movement  is  required  only 
for  a  temporary  purpose.     It  would  manifestly  be  dis- 
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advantageous  for  tbe  leaf  to  be  fixed  by  growth  iu  its 
inclined  position.  For  it  has  to  assume  its  former 
horizontal  position,  as  soon  as  possible  after  the  sun 
has  ceased  shining  too  brightly  on  it. 

The  extreme  sensitiveness  of  certain  seedlings  to 
light,  as  shown  in  our  ninth  chapter,  is  highly  remark- 
able. The  cotyledons  of  Phalaris  became  curved 
towards  a  distant  lamp,  which  emitted  so  little  light, 
that  a  pencil  held  vertically  close  to  the  plants,  did 
not  cast  any  shadow  which  the  eye  could  perceive 
on  a  white  card.  These  cotyledons,  therefore,  were 
affected  by  a  difference  in  he  amount  of  light  on  their 
two  sides,  which  the  eye  could  not  distinguish.  The 
degree  of  their  curvature  within  a  given  time  towards 
a  lateral  light  did  not  correspond  at  all  strictly  with 
the  amount  of  light  which  they  received ;  the  light 
not  being  at  any  time  in  excess.  They  continued  for 
nearly  half  an  hour  to  bend  towards  a  lateral  light, 
after  it  had  been  extinguished.  They  bend  with 
remarkable  precision  towards  it,  and  this  depends  on 
the  illumination  of  one  whole  side,  or  on  the  obscura- 
tion of  the  whole  opposite  side.  The  difference  in  the 
amount  of  light  which  plants  at  any  time  receive  in 
comparison  with  what  they  have  shortly  before  re- 
ceived, seems  in  all  cases  to  be  the  chief  exciting  cause 
of  those  movements  which  are  influenced  by  light. 
Thus  seedlings  brought  out  of  darkness  bend  towards 
a  dim  lateral  light,  sooner  tban  others  which  had  pre- 
viously been  exposed  to  daylight.  We  have  seen 
several  analogous  cases  with  the  nyctitropic  move- 
ments of  leaves.  A  striking  instance  was  observed  in 
the  case  of  the  periodic  movements  of  tlie  cotyledons 
of  a  Cassia;  in  the  morning  a  pot  was  placed  in  an 
obscure  part  of  a  room,  and  all  the  cotyledons  rose  up 
closed;  another  pot  had  stood  in  tlie  sunlight,  and 
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the  cotyledons  of  course  remained  expanded;  both 
pots  were  now  placed  close  together  in  the  middle  of 
the  room,  and  the  cotyledons  which  had  been  exposed 
to  the  sun,  immediately  began  to  close,  while  the 
others  opened ;  so  that  the  cotyledons  in  the  two  pots 
moved  in  exactly  opposite  directions  whilst  exposed 
to  the  same  degree  of  light. 

We  found  that  if  seedlings,  kept  in  a  dark  place, 
were  laterally  illuminated  by  a  small  wax  taper  for 
only  two  or  three  minutes  at  intervals  of  about  three- 
quarters  of  an  hour,  they  all  became  bowed  to  the 
point  where  the  taper  had  been  held.  We  felt  much 
surprised  at  this  fact,  and  until  we  had  read  Wiesner's 
observations,  we  attributed  it  to  the  after-effects  of 
the  light;  but  he  has  shown  that  the  same  degree 
of  curvature  in  a  plant  may  be  induced  in  the 
course  of  an  hour  by  several  interrupted  illumina- 
tions lasting  altogether  for  20  m.,  as  by  a  continuous 
illumination  of  60  m.  We  believe  that  this  case, 
as  well  as  our  own,  may  be  explained  by  the  ex- 
citement from  light  l>eing  due  not  so  much  to  its 
actual  amount,  as  to  the  difference  in  amount  from 
that  previously  received ;  and  in  our  case  there  were 
repeated  alternations  from  complete  darkness  to  light. 
In  this,  and  in  several  of  the  above  specified  respects, 
light  seems  to  act  oji  the  tissues  of  plants,  almost  in 
the  same  manner  as  it  does  on  tlie  nervous  system 
of  animals. 

There  is  a  much  more  striking  analogy  of  the  same 
kind,  in  the  sensitiveness  to  light  being  localised  in 
the  tips  of  the  cotyledons  of  Phalaris  and  Avena,  and 
in  the  upper  part  of  the  hypocotyls  of  Brassica  and 
Beta  ;  and  in  the  transmission  of  some  influence  from 
these  upper  to  the  lower  parts,  causing  the  latter  to 
bend  towards  the  light.     This  influence  is  also  trans- 
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mitted  beneath  the  soil  to  a  depth  where  no  light 
enters.  It  follows  from  this  localisation,  that  the 
lower  parts  of  the  cotyledons  of  Phalaris,  &c.,  which 
normally  become  more  bent  towards  a  lateral  light 
than  the  upper  parts,  may  be  brightly  illuminated 
during  many  hours,  and  will  not  bend  in  the  least,  if 
all  light  be  excluded  from  the  tip.  It  is  an  interest- 
ing experiment  to  place  caps  over  the  tips  of  the 
cotyledons  of  Phalaris,  and  to  allow  a  very  little  light 
to  enter  tlirougli  minute  orifices  on  one  side  of  the 
caps,  for  the  lower  part  of  the  cotyledons  will  then 
bend  to  this  side,  and  not  to  the  side  which  has  been 
brightly  illuminated  during  the  whole  time.  In  the 
case  of  the  radicles  of  Sinapis  albay  sensitiveness  to 
liglit  also  resides  in  the  tip,  which,  when  laterally 
illuminated,  causes  the  adjoining  part  of  the  root  to 
bend  apheliotropically. 

Gravitation  excites  plants  to  bend  away  from  the 
centre  of  the  earth,  or  towards  it,  or  to  place  them- 
selves in  a  transverse  position  with  respect  to  it. 
Although  it  is  impossible  to  modify  in  any  direct 
manner  the  attraction  of  gravity,  yet  its  influence 
could  be  moderated  indirectly,  in-  the  several  ways 
described  in  the  tenth  chapter;  and  under  such 
circumstances  the  same  kind  of  evidence  as  that  given 
in  the  chapter  on  Ileliotropism,  showed  in  the  plainest 
manner  that  apogee  tropic  and  geotropic,  and  j)robably 
diageo tropic  movements,  are  all  modified  forms  of 
ci  rcumnutation. 

Diflerent  parts  of  the  same  plant  and  different 
species  are  affected  by  gravitation  in  widely  different 
degrees  and  manners.  Some  plants  and  organs  exhibit 
hardly  a  trace  of  its  action.  Young  seedlings  which, 
as  we  know,  circumnutate  rapidly,  are  eminently  sensi- 
tive ;  and  we  have  seen  the  hypocotyl  of  Beta  bending 
25 
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upwards  through  109°  in  3  h.  8  m.  The  after-effects 
of  apogeotropism  last  for  above  half  an  hour ;  and 
horizontally-laid  hypocotyls  are  sometimes  thus  car- 
ried temporarily  beyond  an  upright  position.  The 
benefits  derived  from  geotropism,  apogeotropism,  and 
diageotropism,  are  generally  so  manifest  that  they 
need  not  be  specified.  With  the  flower-peduncles  oi 
Oxalis,  epinasty  causes  them  to  bend  down,  so  that 
the  ripening  pods  may  be  protected  by  the  calyx 
from  the  rain.  Afterwards  they  are  carried  upwards 
by  apogeotropism  in  combination  with  hyponasty,  and 
are  thus  enabled  to  scatter  their  seeds  over  a  wider 
space.  ^J'he  capsules  and  flower-heads  of  some  plants 
are  bowed  downwards  through  geotropism,  and  they 
then  bury  themselves  in  the  earth  for  the  protection 
and  slow  maturation  of  the  seeds.  This  burying 
process  is  much  facilitated  by  the  rocking  movement 
due  to  circumnutation. 

In  the  case  of  the  radicles  of  several,  probably  of  all 
seedling  plants,  sensitiveness  to  gravitation  is  confined 
to  the  tip,  which  transmits  an  influence  to  the  adjoining 
upper  part,  causing  it  to  bend  towards  the  centre  of 
the  earth.  That  there  is  transmission  of  this  kind  wi^s 
proved  in  an  interesting  manner  when  horizontally 
extended  radicles  of  the  bean  were  exposed  to  the 
attraction  of  gravity  for  1  or  IJ  h.,  and  their  tips  were 
then  amputated.  Within  this  time  no  trace  of  curva- 
ture was  exhibited,  and  the  radicles  were  now  placed 
pointing  vertically  downwards ;  but  an  influence  had 
already  been  transmitted  from  the  tip  to  the  adjoining 
part,  for  it  soon  became  bent  to  one  side,  in  the  same 
manner  as  would  have  occurred  had  the  radicle 
remained  horizontal  and  been  still  acted  on  by  geo- 
tropism. Radicles  thus  tniated  continued  to  grow  out 
horizontally  for  two  or  three  days,  until  a  new  tip  waj 
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reformed ;  and  this  was  then  acted  on  by  geotropisni; 
and  the  radicle  became  curved  perpendicularly  down 
wards. 

It  has  now  been  shown  that  the  following  important 
classes  of  movement  all  arise  from  modified  circum- 
nutation,  which  is  omnipresent  whilst  growth  lasts, 
and  after  growth  has  ceased,  whenever  pulvini  are 
present.  Tiiese  classes  of  movement  consist  of  those 
due  to  epinasty  and  hyponasty, — those  proper  to 
climbing  plants,  commonly  called  revolving  nutation, 
— the  nyctitropic  or  sleep  movements  of  leaves  and 
cotyledons, — and  the  two  immense  classes  of  move- 
ment excited  by  light  and  gravitation.  When  we 
speak  of  modified  circumnutation  we  mean  that  light, 
or  the  alteniations  of  light  and  darkness,  gravitation, 
slight  pressure  or  other  irritants,  and  certain  innate 
or  constitutional  states  of  the  plant,  do  not  directly 
cause  the  movement ;  they  merely  lead  to  a  tempo- 
rary increase  or  diminution  of  those  spontaneous 
changes  in  the  turgescence  of  the  cells  which  are 
already  in  progress.  In  what  manner,  light,  gravita- 
tion, iVc,  act  on  the  cells  is  not  known ;  and  we 
will  here  only  remark  that,  if  any  stimulus  affected 
the  cells  in  such  a  manner  as  to  cause  some  slight 
tendency  in  the  afifocted  part  to  bend  in  a  beneficial 
manner,  this  tendency  might  easily  be  increased 
through  the  preservation  of  the  more  sensitive  indi- 
viduals. But  if  such  bending  were  injurious,  the 
tendency  would  be  eliminated  unless  it  was  over- 
powering! y  strong;  for  we  know  how  commonly  all 
characters  in  all  organisms  vary.  Nor  can  we  see  any 
reason  to  doubt,  that  after  the  complete  elimination  of 
a  tendency  to  Ixnd  in  some  one  direction  under  a 
certain  stimulus,  the    power   to   bend   in   a  directly 
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opposite  direction  might  gradually  be  acquired  through 
natural  selection.* 

Although  so  many  movements  have  arisen  through 
modified  circumnutation,  there  are  others  which 
appear  to  have  had  a  quite  independent  origin;  but 
they  do  not  form  such  large  and  important  classes. 
When  a  leaf  of  a  Mimosa  is  touched  it  suddenly 
assumes  the  same  position  as  when  asleep,  but  Briicke 
has  shown  that  this  movement  results  from  a  diflferent 
state  of  turgescence  in  the  cells  from  that  which 
occurs  during  sleep  ;  and  as  sleep-move qi en ts  are  cer- 
tainly due  to  modified  circumnutation,  those  from  a 
touch  can  hardly  be  thus  due.  The  back  of  a  leaf  of 
I}ro8era  rotundifolia  was  cemented  to  the  summit  of 
a  stick  driven  into  the  ground,  so  that  it  could  not 
move  in  the  least,  and  a  tentacle  was  observed  during 
many  hours  under  the  microscope;  but  it  exhibited 
no  circumnutating  movement,  yet  afti3r  being  mo- 
mentarily touched  with  a  bit  of  raw  meat,  its  basal 
part  began  to  curve  in  23  seconds.  This  curving 
movement  therefore  could  not  have  resulted  from 
modified  circumnutation.  lUit  when  a  small  object, 
such  as  a  fragment  of  a  bristle,  was  placed  on  one  side 
of  the  tip  of  a  radicle,  which  we  know  is  continually 
circumnutating,  the  induced  curvature  was  so  similar 
to  the  movement  caused  by  gcotropism,  that  we  can 
hardly  doubt  that  it  is  due  to  modified  circumnu- 
tation. A  flower  of  a  Mahonia  was  cemented  to  a 
stick,  and  the  stamens  exhibited  no  signs  of  circum- 
nutation under  the  microscope,  yet  when  they  were 
lightly  touched  they  suddenly  moved  towards  the  pistiL 
Lastly,  the  curling  of  the  extremity  of  a  tendril  when 


*  See  the  rt'marks  in  Frank's  91,  &o.)f  on  natural  selection  in 
'Die  wap:ercchte  Kiclitung  vcn  connection  with  gootropiam, lielio* 
Pdanzentheilen'    (1870,  pp.  90,      tropism,  to 
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touched  seems  to  be  independent  of  its  revolving  oi 
circumnutating  movement.  This  is  best  shown  by  th€ 
part  which  is  the  most  sensitive  to  contact,  circum- 
nutating much  less  than  the  lower  parts,  or  aj)parently 
not  at  all.* 

Although    in    these    cases    we    have    no   rr*ason   to 
believe  that  the  movement  depends  on  modified  cir- 
cumnutation,  as  with  the  several  classes  of  movement 
described  in  this  volume,  yet  the  difference  between 
the  two  sets  of  cases  may  not  be  so  great  as  it  at 
first  appearsl     In  the  one  set,  an  irritant  caus^.^s  an 
increase  or  diminution  in  the  tiirg*.'scence  of  the  cells, 
which  are  already  in  a  state  of  eliange ;  whilst  in  the 
other  set,  the  irritant  first  starts  a  similar  change  in 
their    state    of    turgescence.      Why   a  toiir^li,  «Iight 
pressure  or  any  other  irritant,  sncli  as  eh'ctri(;ity,  heat, 
or  the  absorption  of  animal  matter,  should  m^^iify  the 
turgescence  of  the  affected  cells  in  such  a  manner /is  to 
cause  movement,  we  do  not  know.    But  a  touch  acts  in 
this  manner  so  often,  and  on  such  widely  distinct  [danfs, 
that  the  tendency  seems  to  be  a  very  general  ojk;  ;  and 
if  beneficial,  it  might  be  increased  to  any  extent,     in 
other  cases,  a  touch  produces  a  very  fliff<i;rent  efff-ct, 
as  with  Nitella,  in  which  the  protoj>lasni  may  U;  tumu 
to  recede  from  the  walls  of  the  cell;  in  I>ar;tiica,  in 
which  a  milky  fluid  exudes;  and  in  the  tendril-*  of 
certain  Vitacea;,  Cucurbitaceje,  and  Li;rnoniuer;ir,  in 
which  slight  pressure  causes  a  cellular  out^rrowth. 

Finally,  it  is  impossible  not  to  be  stnjck  with  the 
resemblance  between  the  fore^^oing  njov';nient.s  (A 
plants  and  many  of  the  aetiorjs  j»erf'oriijed  un^y^n- 
sciously   by   the    lower   animaN.t      With    plants   an 

•  For    t'le    eTi<]enc6    on  fhi-j      j\)   17!:.  I7>. 
hend,  tee  the  'Movemcntg  ami  t  .*i'*Ji-  n-nriflm  in  !t*ur]y  tlttt 

Uvbitt  of  Climbing  Plan U/ IST.'i.       »  r.  o   'iYrt.  '' \}w^   nHi  oir;  K 
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astonishingly  small  stimulus  suflBees;  and  even  with 
allied  plants  one  may  be  highly  sensitive  to  the 
slightest  continued  pressure,  and  another  highly  sensi- 
tive to  a  slight  momentary  touch.  The  habit  of  moving 
at  certain  periods  is  inherited  both  by  plants  and 
animals ;  and  several  other  points  of  similitude  haA^e 
been  specified.  But  the  most  striking  resemblance  is 
the  localisation  of  their  sensitiveness,  and  the  transmis- 
sion of  an  influence  from  the  excited  part  to  another 
which  consequently  moves.  Yet  plants  do  not  of  course 
possess  nerves  or  a  central  nervous  system;  and  we 
may  infer  that  with  animjls  such  structures  serve  only 
for  the  more  perfect  transmission  of  impressions,  and 
for  the  more  complete  intercommunication  of  the 
several  parts. 

We  believe  that  there  is  no  structure  in  plants  more 
wonderful,  as  far  as  its  functions  are  concerned,  than 
the  tip  of  the  radicle.  If  the  tip  be  lightly  pressed 
or  burnt  or  cut,  it  transmits  an  influence  to  the  upper 
adjoining  part,  causing  it  to  bend  away  from  the 
affected  side;  and,  what  is  more  surprising,  the  tip 
can  distinguish  between  a  slightly  harder  and  softer 
object,  by  which  it  is  simultaneously  pressed  on  oppo- 
site sides.  If,  however,  the  radicle  is  pressed  by  a 
similar  object  a  little  above  the  tip,  the  pressed  part 
does  not  transmit  any  influence  to  the  more  distant 
parts,  but  bends  abruptly  towards  the  object.  If  the 
tip  perceives  the  air  to  be  moister  on  one  side  than 
on  the  other,  it  likewise  transmits  an  influence  to  the 
upper  adjoining  part,  which  bends  towards  the  source 
of  moisture.    When  the  tip  is  excited  by  light  (though 
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in  the  case  of  radicles  this  was  ascertained  in  only  a 
single  instance)  the  adjoining  part  bends  from  the 
light ;  but  when  excited  by  gravitation  the  same  part 
bends  towards  the  centre  of  gravity.  In  almost  every 
case  we  can  clearly  perceive  the  final  purpose  or  advan- 
tage of  the  several  movements.  Two,  or  perhaps  more, 
of  the  exciting  causes  often  act  simultaneously  on  the 
tip,  and  one  conquers  the  other,  no  doubt  in  accord- 
ance with  its  importance  for  the  life  of  the  plant 
The  course  pursued  by  the  radicle  in  penetrating  the 
ground  must  be  determined  by  the  tip;  hence  it 
has  acquired  such  diverse  kinds  of  sensitiveness.  It 
is  hardly  an  exaggeration  to  say  that  the  tip  of  the 
radicle  thus  endowed,  and  having  the  power  of 
directing  the  movements  of  the  adjoining  parts,  acts 
like  the  brain  of  one  of  the  lower  animals ;  the  brain 
being  seated  within  the  anterior  end  of  the  body, 
receiving  impressions  from  the  sense-organs,  and 
directing  the  several  movements. 


INDEX. 
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Abies  coinmunh,  effect  of  killing  or 
injuring  the  leading  shoot,  187 

pectincUa,  eflfoct  of  killing  or 

injuring  tlie  leading  shoot,  ]87 
-,  affected  by  JEcidium  elatinum. 


188 
Ahrnnia  umheVatrtj  its  single,  dcve- 

lopotl  cotyledon.  78 

,  rudimentary  cotyledon,  95 

,  rupture  of  tlie  seed  coats,  105 

Ahutilon  Darwinii,  sleep  of  loaves 

and  not  of  cotyledons,  314 
,  nocturnal  movement  of  leaves, 

323 
Acacia  Farnetiana»^  stitte  of  plant 

when  awake  and  a»lecp,  381,  382 

,  appearance  at  night,  305 

,     nycti  tropic    movements    of 

pinnffl,  402 

,  the  axes  of  the  ellipses,  404 

lophaiiUiay  character   of  first 


leaf,  415 

retinouJes,  circiimiiutalion   of 


yonnp:  phyllode,  230 
Aconihosicyos    horrida,    nocturnal 

movement  of  cotyledon  30t 
Acanthus  catidelalirum^  inc<iuulity  in 

the  two  first  leaves,  79 

,  petioles  not  arched,  553 

lafi/iilitUt  variability  in  first 

leaves  79 
— ^  w<>//i>,    ftccdling,    manner  of 

breaking    thiough    the    ground, 

78,  79 
,  circiimnutation  of  young  leaf, 

249,  269 

«pmoMiw,  79 

,  movement  of  U  avojs,  249 


AMPHIOABFCBA. 

AdenanlJiera   parrmia^   nyctitropie 

movements  of  leaflets,  374 
JEcidium  ehtinwn,   effect  on  the 

lateral  branches  of  the  silver  tir, 

188 
^scuhu  hipfocastanum,  movement* 

of  mdiclu,  28,  29 
,  sensitiveness  of  a|)e.\  of  radicle, 

172-174 
Alhizzia  lophanfha^  nycl  itropio  monr^ 

ments  of  leaflets,  383 

,  of  pinna),  402 

Allium  cepa^  conical   protuberance 

on  arched  cotyledon,  59 
,  circumnutation  of  basal  hall 

of  arched  cotyledon,  60 
^   mode   of    breaking  through 


I    — 


ground,  87 
— ,  straightening  process,  101 
porrum^  movements  of  flower* 


stems,  22(5 
AlojHfenrus  pra(en*is.  joints  affected 

by  apogeotropism,  503 
Aloy»ia  ntriodora,   circumnutation 

ot  btcm.  210 
AmaranthuM,  sleep  of  leaves  387 
caudntWj  nocturiil  mi>vement 

of  cotyledons,  307 
Amorpha  fruticotsOj  sleep  of  leaflets, 

354 
Ampelopsis  trUnupiilntu,  liyponnstio 

movement   of  hooked  tips,  272- 

275 
Ampliicarpaa  monoira,  circumnuta- 
tion and  nyctitropie  movements 

of  leaves,  365 
-,  effect  of  sunshine  on  leaflet^ 


445 


-,    geotropio     movements     o£ 


520 
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AKODA. 

Anodu  Wrightiiy  sleep  of  cotyledons, 
302,312 

,  of  leaves,  324 

,  downward  movement  of  coty- 
ledon?*, 444 

Apluliotropism,  or  negative  helio- 
tropism,  5,  419,  432 

Apios  graveolens,  heliotropic  m(»ve- 
mentd  of  hypocotyl,  4'J2-424 

inbcrosaj   vertical  sinking  of 

leaflets  at  night,  3G8 

Apium  grareolens,  sleep  of  cotyle- 
dons, 305 

,  petw*eh'nwny  sleep  of  cotyle- 
dons, 30 1 

Apogt^tropic  movements  eftlcted  l>y 
joints  or  pulvini,  502 

Ai)ogeotropi:sm,  5,  494 ;  retarded  by 
heliotropism,  501 ;  concluding  le- 
marks  on,  507 

ArarJiu  kypogtraj  circnmnutation  of 
gynophure,  225 

,  effects  of  rad  atlon  on  leav.  s, 

289,  29i) 

,  movements  of  leaves,  357 

,  rate  of  movement,  404 

,  circumnutation  of  vertically 

dependent  yonnggynopliores,  519 

,  downward  movement  of  the 


same,  519 

Arf*hing  of  various  organs,  impor- 
tance of,  to  seedling  plants,  87, 
88 :  emergence  of  hypocotyls  or 
epicotyls  in  the  form  of  an,  553 

Asparagus  officinalis,  circumnuta- 
tion of  plumules,  60-(j2. 

,  effect  of  lateral  light.  484 

Afplenium  trichomane*,  movement 
in  the  fruiting  fronds,  257,  n. 

Astragalus  vligitwstM,  movement  of 
leaflets,  355 

A  vena  sativa,  movement  of  c()t\  le- 
dons,  65,  Gij, 

— ,  sensitiveness  of  tip  of  radicle 
to  moist  air,  183 
-,  heliotropic  movement  and  cir- 


cumnutation of  cotyledon,  421,422 
— ,  sensitiveness  of  cotyledon  to  a 

lateral  light,  477 
— ,  young  sheath-like  cotyledons 

8tri>ngly  apogeotropic  499 


BRA8SI0A. 

A  vena  saliva^  movements  of  oldish 

cotyledonp,  499,  500 
Averrkoa  hiHrtibi,  leaf  asleep,  330 
,    angular    movements   when 

going  to  8h:ep,  331-3a5 

ieuflt'ts  exposed    to    bright 


sunshine,  417 
Azalea  Indica,  circumnutation  of 
stem,  20S 


B. 


Bnry,  de,  on  the  eff*ect  of  the  -ffici* 
dinm  on  the  silver  tir,  188 

Batilin,  Piof,  (m  the  nyctitropio 
movements  of  leaves,  2>*3  ;  on  the 
shep  of  leaves  of  iSida  ruipoM, 
322  ;  on  Polygonum  acicularej 
387  ;  on  the  effect  of  sunshine  on 
leaflets  of  Oxalis  areiosella,  447 

Bauhiniii,  nyctitiopic  movements, 
373 

,movcmentsof  petioles  of  young 

hccillings,  401 

,  app(!araiice  of  young  plants 

at  iiijrhf,  402 

Beta  vulgaris,  circumnutation    of 
hvpocolyl  ot  seedlinjrs,  52 
-,  muvemeiits  of  cotyledons,  62, 


53 


-,  effect  of  liglit,  124 

-,  nocturnal  movenicnt  of  coty- 


ledons, S07 
heliotropic 


420 


movements    of, 


— ,  tnin:=mitted  effect  of  light  on 
hypocotyl,  482 

ajwgeotiopio    movement    of 


hypocotyl,  496 
Bignonia  eapreolatn,  npheliotropic 

movement  of  t<rndrils,  432,  45o 
Bt)uohc'    CiU    Melaleuca    ericw/olia 

383 
Brassica  tujptis,  circumnutation  ol 

flower- stems  226 
Brassica    oltracea,  circumnutatioL 

of  fceedliiig,  10 

,  of  radicle,  11 

,  geotropic  movement  of  radidoi 

11 
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BBA8SI0A. 

Brauica    olei-aeea,    movi*meiit    of 

buried  and  arclied  Lvpoc«»tyl,  13, 

14,  15 
^    conjoint    circumnutation    of 

hypoL'otyl  and  cotyled.ms,  16,  17, 

18 
— ,  of  hypocotyl  in  dnrkneas,  19 
^,  of  a'cotyIe<ion  with  hypocotyl 

secured  to  a  stick,  ID,  20 

,  rate  of  movem«*nt,  20 

,  ellipses   describefi    by    hypo- 

cotyls  when  erect,  105 

,  movements  of  cotyledons,  115 

, of  stem,  202 

—  of  leaves  ut  nij^ht,  229, 


230 


— ,  sleep  of  cotyledons,  30 1 

— ,  circmnnutation  of  hypocotyl 

of  seedling  plant,  425 

heliotriipio    movement     and 


circumnutation    of     hypocotyls, 
-,  ( ffect  of  lateral  light  on  liypo- 


cotyls,  479-482 
,  ttjK)geotropic    movemtnt    of 

hypocotyls,  500,  501 
DroAaica  rapa,  movements  of  leaves, 

230 
Bronjjniiirt,   A.,  on    the    si  ep    of 

Strephium  florihundnm,  391 
Bruce,  Dr.,  on  the  oleepof  leavoi  in 

Arerrhoa^  830 
Brijophyllam  (vel  Calanchoe)  calyci- 

nam,  movement  of  leaves,  237 


C. 


dim/ilh'a  Jajtonica^  ciicumiutatioo 
of  l.uf,  231,  232 

Caiidollc,  A.  de,  on  Tiapa  nataru^ 
95 ;  on  tjenaitiveneua  of  coty- 
ledons. 127 

Canna  Warseeioiczii^  circumnuta- 
tion of  plumules,  58,  59 

,  of  leaf,  252 

Cnnnahis  sa/tva,  movements  of 
leaves,  250 

,  nocturnal  movem<iit8  of  coty- 

1.  dons,  307 


CASSIA. 

Ckimwhis  sativa,  sinking  of  Iho  young 
leaves  at  nipht,  444 

Ca88i>i,    nvcti  tropic    movement    of 
leaves,  369 

Cassia  Bardayana,  nocturnal  move- 
ment of  leaves,  872 

,  slight  movement  of  leftflet8,40 1 

oalliantha,  uninjured   by  ex- 
posure at  ni«;ht,  289.  n. 

nyctitropic     movement     of 


leaves,  371 

— ,  circumnutating  movement  of 

leaves.  372 

corymbosaj  cotyledons  Hen  si* 


tive  to  contact,  126 

— .     nyctitropic     movement     of 


leaves,  869 
■florihundat  use  of  sleep  move- 


ments, 289 
— ,  effect    of 


radiation    on   the 


leaves  at  night,  2^4 
— ,    circuuinutating    aod    nycti- 
tropic movement  of  a   termini 
leaflet,  372,  373 

— ,  movements  of  young  and  older 
leaves,  400 

— florida,  cotyledons  sensitive  to 
contact.  126 
— ,  sleep  of  cotyledons,  308 

glauca^  cotyledons  sensitive  to 


contact,  126 

— ,  sleep  of  cotyledons.  308 

lievigata,  effect  of  radiation 


on  leaves,  289,  n. 

mitnotoides,  moyement  of  coty- 


ledons. 116 
— .  sensitiveness  of,  126 
— ,  sleep  of,  308 

— ,    nyctitropic     movement     of 
leaves.  372 
-,  effect  of  bright  sunshine  on 


cotyledons,  446 

—  neqlecta,  movements  of,  117 

— ,  edect  of  light,  124 

sensitiveness  of  cotyledons 


126 


—  nodosa,  non-seuhitive  cotyl&> 
dons,  126 

— ,  do  not  rise  nt  id^ht,  308 

—  puhe«cenB^  non-sensitive  coty 
ledons,  126 
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OA88TA. 

Cania  puheaeent^  uninjured  by  ex- 

pofiure  at  night.  293 

,  sleep  of  cotyledons,  308 

^    nyctitropic     movement     of 

leaves,  371 
,    circuinnutatinsr 


movement 

movement     <»f 
petioles,  400 

diameter  of  plant  at  night, 


of  leaves,  372 
nyctitropic 


402 


116 


$p.  (?)  movement  of  cotyledons, 


—  torOj  circumnutntion  of  coty- 
ledons and  hypocotyls,  34,  3o, 
109,  308 

-— ,  effect  of  light,  124, 125 
— ,    bensitiveneds     to     contact, 


125 

— ,  heliotropic  movement  and 
circmnnutfttiou  of  liyp(x:otyi, 
431 

— ,  hypocotyl  of  seedling  slightly 
heliotropic,  454 

— ,  apo«>:eotropic  movement  of  old 
hypocotyl,  497 

movement   of  hypocotyl  of 


youn^  seedling,  510 
Caustic  (nitrate  of  silver),  efCin^t  of, 

on  radicle  of  bc-an,  150, 156 ;  on 

the  common  pea,  1 60. 
Cells,  table   of   the    measurement 

of,    in    the    pulvini    of    Oxalia 

cffrniculataf    12U  ;     changes    in, 

547 
Centrosema.  3u5 

Cerat<)phyUum     demer$umj     move- 
ments of  stem,  211 
Certus  Landheckii,  its  rudimentary 

cotN  lei  Ion  8,  97 
specimsimus^  eireumnutation 

of  stem,  2(16.  207 
Cerinthe  major^  cireumnutitiou  of 

hypocotyl,  49 
I  of  cotyledons,  49 
,  ellipses  dcbcribed  by   hypo- 

cotyls  when  en*ct,  107 
effect  of  darkness,  124 


Chatin,    M.,  on  Pinui  S^ordman- 

nia^ia,  389 
Ckenopodium      album,     sleep      of 


ORINUM. 

haves, but  not  of  ootyledoos,  314, 
319 

Clienopodium  albuni,  movement  of 
le.ives,  387 

Chlorophyll  injured  by  bright  light, 
44(; 

Cic'sielski,  on  the  sensitiveness  of 
the  tip  of  the  radicles,  4,  523 

Circumnutation,m6Hniug  explained 
1 ;  modified,  263-279 ;  and  helio- 
tr>iiibm,  relation  between,  435: 
of  parumouatimjiortunce  to  every 
plant,  547 

CiwuB  discolor,  eireumnutation  uf 
leaf,  233 

Citrus  aurantiunif  circunmututiou 
of  epicotyl,  28 

,  uneiiual  cotyledons,  95 

Clianihus  Dumpieri^  nocturnal 
movement  of  leaves,  297 

CofHKa  scaudenSf  ciicumnutation  of, 
270 

Colin,  on  the  water  se'retod  by 
Jjafhrna  squanmria^  )i^,  n. ;  on 
the  niovtmont  of  leaflets  of  Ozu- 
lis,  447 

Colutea  nrborea,  nocturnal  move* 
nient  of  Icflfiets,  355 

(hniferx,  circumnutition  of,  211 

Ltnonilla  rosea,  leaflets  asleep,  355 

Conjlus  avellana,  eireumnutation  of 
young  shoot,  emitted  from  tlie 
epicotyl,  55,  56 

.  arched  epicotyl,  77 

Cotyledon  umbilicus,  eireumnuta- 
tion of  stolons,  2 1 9,  220 

Cetyledons,  ruilimentary.  94-98  ; 
eireumnutation  of,  109-112 ;  noo- 
turnul  movements,  111,  112 ;  pul- 
vini or  joints  of,  112-122;  dis- 
turbed pcriiKiio  movements  by 
light,  123:  sensitiveness  of,  to 
contact,  125;  nvctitropio  move- 
ments of,  283,  297 ;  list  of  coty- 
ledons which  rise  or  sink  at 
night,  300 ;  concluding  remarks 
on  their  movements,  311 

Crambe  maritima,  eireumnutation  of 
leaves,  228,  229 

Crinum  cajtense,  shape  of  leavca, 
253 
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Crifium  capemet  circmnnutation  of, 

254 
Croiolaria  (sp.  ?),  sleep  of  leaves, 

310 
CryptofjamSy     circumiuitAtion     of, 

257-259 
Cucumis  dtidaim,  movement  of  coty- 

ledoihs,  48,  44 

,  .shop  of  eotylcdong,  804 

Curvrbita  aurantia,  movement  of 

liy|MX'Otyl,  42 

.  cotylcdona  vertical  at  niglit, 

304 
orffera^  gcotropic  moviment 

of  niditle.  38,  31) 
,  circninnulation  of  archrd  hyi>o- 

eotvl,  39 
,  of  Htruiglit  aiul  vortical  hypo- 

cotyl,  40 
,  movements  of  cotvUnlons,  41, 

42,  U5,  124 

,  position  of  radii'lc,  89 

•,   rupture  of   tl.u    i>i?fd  -  coats. 


102 

— ,  circumnntation    of  hypoc'otyl 
when  erect,  107,  108 
— ,  sensitivenehs  of  apex  of  nyli- 
cle.  109-171 

— ,  cotyledons  vertical  at  night, 
304 

— ,  not  aflectcd  by  aiwgcutiopism, 
609 


,  tips  cauterised   transversely, 

537 
Curvature  of  the  rjidiclc,  193 
Cycas  pectinata,  circumnutation  of 

young  huf,  whilst  emerging  from 

the  ground,  58 

,  first  leaf  arched,  78 

,  circunmutation    of   trminal 

leaflets,  252 
Cyrlamni   Perstcum,  movement  of 

cotyledon,  4G 
,  undeveloped   cotyledons,  78, 

9(J 

,  circumnutittion  of  peduncle. 


225 


-,  of  leaf,  246,  247 


— t  downwanl  ajdieliotropic  move- 
ment of  a  lK)wer  peduncle,  433- 
435 


DESMODim. 

Cyclamen  Penicum,  burying  of  the 

pods,  433 
Cyperus  altemi/oUm,  circnnmutf.- 

tion  of  stem,  212 

,  movement  of  stem,  509 

Cytistu  fragraru,  circumnutation  of 

hypocotyl,  37 

,  sleep  of  leaves,  344,  397 

,    apogcotropic    movemcut   of 

btem,  494>49(j 


D. 


Dahiia,  circumnutatiou  of  young 
leaves,  244-246 

DaJea  alopecuroides,  leaflets  de- 
pressed at  night,  354 

Darkness,  effect  of,  on  the  move- 
ment of  leaves,  407 

Darlingtonia  CaJifomica^  its  leaves 
or  pitchers  aphcliotropic,  450,  fk 

Darwin,  Charles,  on  Maumndia 
«mj»er/Z</re»w,225;  on  the  Swedish 
turnip,  230,  n. ;  movements  of 
climbing  plants,  266.  271;  the 
heliotropic  movement  of  the  ten- 
drils ofBignouui  capreolaia,  433 ; 
r«^volution  of  climbing  plants, 
451 ;  on  the  curling  of  a  teudril, 
570 

,  Erasmus,  on  the  podiiudes  of 

Cyclamens,  433 

Francis,    on   the  radicle    of 


Sinapis  aUpa,  486 ;  on  llygrosco- 

pic  seeds,  489,  w. 
Datura      stramonium^      nocturnal 

movement  of  cotyledons,  298 
Del])ino,  oii  cotyledons  of  Chteio- 

I»hyllum  and  Corydulis,  96,  u. 
Dtlphinium   nudicaule,    nuxle     of 

breaking  through  the  groun^i,  80 
,  c^idluent  iHjlioles  of  two  coty- 
ledons, 553 
Defiwxh'nm   gyraug^  movement    of 

leaflets,  V57,  n. 
,  pubition  of  leaves  at  night, 

285 
,  sleep  of  leaves,  not  of  ooty 

lotions,  314 
,    eircuuiijutation    and    nyoti* 
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tmpic  moveincnt  of  IcaveB,  35S- 

:;co 

DtKinodium  qyvana,   moTcment   of 

lateral  It-adets,  3(;l 

.  jerking  of  leaflets,  362 

,  nvctitropic  uiovemciit  of  peti- 

oUs,  4()i),  4Ul 
,  diumcter  of  plant  ut  night 

4U2 
-,  lateral  movement  of  leaves. 


404 


— ,  K'jrzng  movement  of  apex  of 
leaf,  -lOr) 

— ,  8lia|»e  rif  lat  ml  leaflet,  41(> 
vefjterlilionU,  804,  n. 


D*'utzia  fjrnciliiij  circuiunutation  of 

ht=  ni,  *i05 
Dia};ef)tropi8m,   5 ;    or  tmnsverae- 

f^i-otropibm,  520 
r)iuh(-liotriipi8m,  5;  or  TransverBal- 

Ui-liotmpismus  of   Frank,  419; 

iiifliienro<l     by    epinnsty,     439 ; 

by    weight   and    apogeotropbniy 

440 
Diaiiihtts  rnryftphylhtt,  i'BO 
,  ciroumuutation  of  voung  loiif, 

•2:^1.  2.>9 
Diootylcilons, circumnutation  wide- 
ly spread  among,  G8 
Dioucea,  oscillatory  niovcments  of 

leaves,  20 1,  271 
Dutncea  mugeipnla,  circumMntation 

of   young    exijanding  leaf,   239, 

240 
,  clojmre  of  the  lol)e.s  and  ci?- 

cumiiutution  of  a  full-grown  leaf, 

211 
-.  oscillations  of,  242-244 


Diurnal  sleep.  419 

Dronera  €ktpen»it^  structure  of  (irst- 

formed  leaves,  414 
roluitdi/flia,     movement     ff 

young  leaf,  237,  238 

,  of  the  tentaelea,  239 

^    sendi livened    of    teiit;iclc8, 

201 
,  shapo  of  leaves,  414 


■,  leaves  not  heliotropic,  450 
— f  loaves  clrcumnutiile  largely, 
454 
— ,  acnsitlvenctss  of  570 


ircALTnra. 

Diichnrtre  on  Tephrona  cariboea^ 
3r>4 ;  on  the  nvetitn>pic  movement 
ofthi'CnssiH,309 

Duvul-.Jouve,  on  the  movementa  of 
BrtjophijUum  cahjcinum^  237;  of 
the  narrow  leuvis  of  the  Grami* 
n<9?,  413 

Dyer.  Mr.  Thiaclton,  on  the  leaves 
of  Crotolaria^  340 ;  on  Catfia  fiori" 
bunda,  3t'>9.  n..  on  tlie  alisorbent 
hairri  on  the  buricil  flower-headi 
of  Tri/olium  fuiiierraHeuiHj  517 


£ 


Echevrrin  ffoioni/era.,  circumnuta- 
tion of  leaf,  237 

Echinoraetut  viridefcens,  its  rudi- 
mentary cotyledons,  97 

Echiuoeynth  hbata,  movements  of 
tendrils,  20G 

,    aimgeotropism    of    tcudrilf, 

510 

Elfving,  F.,  on  the  rhizomes  of 
iifiarganium  ramo*umy  189;  on 
the  diageotropic  movement  in  the 
rliizomes  of  some  plants,  5*J1 

Etymu*  areuarews^  leaves  cloae<l 
during  the  day,  413 

Embryology  of  leaves.  414 

Engel'mann,  Dr.,  on  the  QitereuM 
viren^y  85 

Epiiumty,  5,  207 

Epii'otyl.  or  plumule,  5 ;  manner 
of  breaking  through  the  ground, 
77 :  emerges  fn>m  the  ground 
under  the  form  of  an  an^h,  553 

Enjthrina  eaffra^  bleep  of  leaves, 
307 

corallodemhon^  movement  of 

terminal  leaflet,  3ti7 

crist.a-gtdii,  i  fleet  of  tem- 
perature   on    sleep     of    leaves, 


318 
,    circumnutation    and    nycti- 

tropic    movement    of     terminal 

l-nllets,  307 
Eucahjpliu  ri'sinifi'rn,  eircunmutar 

tion  of  Ictvi'i^,  2U 
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EmpkiJfbia    Jaoquineirjlora,    nyeti- 
tropio  movement  of  leave8|  388 


FlaliauU,  M.,  on  the  raptnre  of 
aeed-<>oats,  102-104,  106 

Flower- steins,  circumaatation  of, 
2i?3-226 

Fragaria  lio*acea^  circnmnntation 
of  stolon,  214-218 

Frank,  Dr.  A.  B.,  Ibo  torms  Helio- 
tropism  and  Gootropism,  iirst 
used  by  him,  5,  n. ;  raaiclcrs  acted 
on  by  gootropism.  70,  n. ;  on  the 
stolons  of  Fragaria,  215;  periodic 
and  nycti tropic  movements  of 
leaves,  284;  on  tho  root-leaves 
of  plants  kept  in  diirkne^s,  44H ; 
on  pulvini,  485 ;  on  natural 
selection  in  connection  with 
geotiopisni,  heliutropism,  dc, 
670 

,   on    Transvcrwil-  Heliotropis- 

mu!?,  410 

Fuclitia^  circnnniutation  of  stem, 
205,  200 


O. 


circumnutation 


Gaxania    rhigens^ 

of  stem,  208 
Genera  containing  sleeping  plants, 

320,  321 
Geotropism,  5 ;    eflTo^t  of,  on   tho 

primary  radicle,  11)0 ;  the  n'verso 

of  apogeotroplsm,  512  :  effect  on 

the  tips  of  ludicles,  548 
Geranium  cinereum,  304 

EndreMii^  304 

ifecn'cum,  nocturnal  movement 

of  cotyleclons,  298 

—  Richardsoni,  304 

rotundifolium^  nocturnal  move- 
ment of  cotyledon,  304,  312 

—  Bubcattlescens^  304 
Germinating    setKl,    liietory    of 

548 


a. 


OYMNOSPRESIB. 

Githago  aegetnm,  circumnutation  of 

hypocotyl,  21,  108 

,  burying  of  liypocotyl.  109 

^  seedlings  feel»ly  illuminated, 

124, 128 

,  sleep  of  cotyledon,  302 

,  leaves.  321 

Glaucium    luteurrij  circumnutation 

of  young  leaves,  228 
Gieditschiat  sleep  of  leaves.  3(i8 
Glycine  hifpidOf  vertical  sinking  of 

leaflets,  366 
Glycyrrhiza,  leaflets  depressed   at 

night,  355 
Godlewskl,  Emil,  on    the    turge- 

scence  of  the  cells,  485 
Gooseberry,  effect  of  radiation,  284 
Gowypium   (vnr.   Nankin    cotton), 

circumnutation     of     hypocotyl, 

22 

,  movement  of  cotyledon,  22,  23 

,  sleep  of  leaves,  324 

arhoreum  (/),  sleep  of  ootylo 

dons,  303 
BrazUiense,  noctunjal    move- 
ment of  loaves.  324 

,  sleep  of  cotyledons,  803 

herbacenm^    son»itivenes8     of 


apex  of  radicle,  168 
— ,    radicles    cauterised    trans- 
versely, 537 
—  maritimum^  nocturnal 


mov©" 

ment  of  leaves,  32 1 

GiHvitiition,  movements  excited  by, 
567 

Gr.iy,  Asa,  on  DeJphininm  nudi- 
cattle,  80;  on  Megarrhiza  Cah'- 
fornioa,  81 ;  on  the  movements  in 
the  fruiting  fronds  of  AspUnium 
(richomanee,  257 ;  on  the  Amphi- 
rarpaa  mofiotea,  520  ;  on  the 
IpomoBa  Jalappa^  557 

Grease,  effect  of,  on  radicles  and 
their  tips,  182,  185 

Gressner,  Dr.  U.,  on  the  cotyledons 
of  Cyclamen  Persicum^  46,  77  • 
on  hypocotyl  of  the  same,  96 

Gymnospcrms,  389 
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H. 


(iabcrlandt^  Dr.,  on  the  protube- 
rance ou  tho  hypoootyl  of  Allium, 
59;  the  importaueo  of  the  arch 
to  seedling  plants,  87 ;  sub- 
aerial  and  subterranean  cotyle- 
dons, 110,  n. ;  the  aruhed  hypo- 
cotyl.  654 

Hxinati'XyUm  Campechianum,  noc- 
turnal movement  of  leaves,  30S, 
31 19 

Ilfd-ra  helix,  circumnutation  of 
stem,  207 

Hedymruni  tioroniriam^  nocturnal 
movements  of  leaver,  85G 

lletianUiemum  proHtratum^  geotro- 
pic  movement  uf  fluwer-heads, 
518 

Hebanthua  annuua,  circumnutation 
of  hypoootyl.  45 

,  arching  of  hypocotyl,  90 

,  nocturnal  movement  of  cf)ty- 

ledons,  305 

Hcliotropism,  5 ;  uses  of,  449 ;  a 
modified  form  of  circumnutation, 
490 

DellKbortu  niger^  mode  of  breaking 
through  the  ground,  8(j 

Hensi.'n,  Prof.,  ou  roots  in  worm- 
burrows,  72 

Henslow,  Kev.  6.,  on  the  coty- 
ledons of  i  halarU  CanarieJisiSf 
62 

Hofmeister,  on  the  curious  move- 
ment of  Spirogyra,  3,  259,  n. ;  of 
the  leaves  of  Pwtia  »tniiuttes^ 
255 ;  of  cotyledons  at  night,  297 ; 
of  petals  414 

and  Bntalin  on  the  movements 

of  the  cabbage,  229 

Hooker,  Sir  J.,  on  the  effect  of  light 
on  the  pitchers  of  Sarracenia, 
450 

Hypocotyl,  5 ;  manner  of  break- 
ing through  the  ground,  77 ; 
emerges  under  the  form  of  an 
arch,  553 

Hypocotyls  and  Epicotyls,  circum- 


IFOMCBA. 

nutation  and  other  movements 
when  arched.98;  power  of  straight- 
ening themselves,  100;  rupture 
of  tlie  seed-coftts,  102-106;  illun- 
trution  of,  106;  circumnutation 
when  erect,  107 ;  when  in  dark 
108 
Hyponasty,  6,  267 


I. 


Iberis  umiwllata,  movement  of  stem* 
202. 

Illumination,  effect  of,  on  the  sleep 
of  loaves,  398 

IinatophyUum  vol  CHvia  (sp.  ?), 
movement  of  leaves,  255 

Indujofera  tinctoria,  leufletd  do- 
pressed  at  nigiit,  354 

InlieriUmco  in  plants,  407,  491 

Insectivoi-ous  and  climbing  plants 
not  heliotiopic,  450 ;  intiuence  of 
li»ht  on,  488 

Ipomaa  bona  uoz,  arcliing  of  hypo- 
cotyl, 90 

,  ni>cturnal  po^ilion  of  coty- 
ledons, 306.312 

aerulea    vA    J'harlntM    nif^ 

circumnutation      of      secdliigs. 


47 


-,  movement  of  cotyledons,  47- 
49,  109 

,  nocturnal  movements  of  coty- 


ledons, 305 
— ,  sleep  of  leaves,  386 
— ,  scmiitiveness  to  Iii;ht,  451 
— ,  tho  hypoootyledonous   stems 
heliotropie,  453 

— ,  coccinea^    position    of    coty- 
ledons at  night.  306,  312 

XeptophylUiy  mode  of  bre. iking 


through  tie  ground,  83,  84 
— ,  arching  of  the  jietioies  uf  the 
cotyI(Kions,  90 
— ,  difference  in  sensitiveness  to 


gravitation    in    different    parts, 
509 

— ,  extraordinary  manner  of  ger- 
mination, 557 
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IPOU(EA. 

Ipomaa  pandurata^  n.anner  of  gcr- 

iiiiiiaii«»n,  84,  Sft? 
purpurea  (vel  Fharhitts   hix- 

pida)^    nocturnal    luovciTiciit    of 

cotyledons.  305,  312 

,  sleep  of  leaves  3^6 

,  SLnsitlvciK'88  to  light,  451 

,  the   hypocotyledonoiifl  stems 

heliotropic,  453 
Irit  psetnlo-a&ntiSf  circumnutation 

of  leaves,  253 
Irmirtch,  on  cotyledons  of  Rannn- 

cuius  Ficaria^  06 
Tvy,  its  steins  heliotropic,  451 


K. 


Kemer  on  the  bending  down  of  pe- 
duncles, 414 

lilinostiit,  the,  an  instnimont  d'*- 
vised  by  Sacha  to  eliminate  geo- 
tropism,  93 

Kraus,  Dr.  Curl,  on  the  nndorground 
shoots  of  Triiicum  repens,  18l>; 
on  Cannabis  fntiva,  250,  307, 
312  ;  on  the  movements  of  leaves, 
318 


L. 


Lactuca  fcariola,  sleep  of  cotyle- 
dons, 305 

Lagenaria  vulgaris,  circumnutation 
of  seedlings,  42 

.  of  cotyltidons,  43 

,  cotyledons  vertical  at  night, 

304 

LatJtr.ra  squamaria,  nio<le  of 
breaking  through  the  ground. 
85 

,  quantity  of  waler  secreted, 

85,  86,  n. 

Ldthyrus  nissoh'a^  circumnuta- 
tion of  stem  of  young  seedling, 
33 

,  ellipses    described    by,    107, 

108 

Leaves,    cireunmutation    of,    22G- 


LOT178. 

262  ;  dicotyledons,  226-252  ;  mo 
noootyledons,  252-257 :  nyctitro- 
pisni  of,  28f» ;  their  temperature  af- 
fected i»y  their  position  at  night, 
V94 ;  nycti tropic  or  8le«p  move- 
ments, 315,  394 ;  periodicity  of 
their  movements  inht^ited.  407; 
embryology  of,  414;  so-called 
diurnal  sleep,  445 

Leffuminosx,  sleep  of  cotyledons, 
308;  sleeping  >pecies,  340 

Le  Maout  and  Decaisne,  67 

Lepidium  sativumf  sleep  of  cotyle- 
<lon8,  302 

Light,  movements  excited  by  41ft, 
563;  influen(*6  on  mo»t  vegetable 
tissues,  486 ;  acts  on  plant  as  on 
the  nervous  system  of  animals, 
487 

Lilium  auratum^  circumnutation  of 
stem,  212 

,  apoy:eotropio     movement     of 

stem,  498,  49;> 

Linnaeus,  *Somnu3  Plantarum,* 
280;  on  plants  sleeping,  320; 
on  the  leaves  <»f  Sidn  almtilon^ 
324;     on    (Enolhera    moUtesima, 

Linum  Bercndieri,  nocturnal  move- 
ment of  cotyleiions,  298 
usitaVssimum,  circumnutation 

of  stem,  203 
Loliam  perenna,  joints  affecte*!  by 

apogeotropisin,  502 
Lonicera  bra^ihi/jtodnt  hocjking  of  the 

tip,  272 

,  sensitiveness  to  light.  453 

Loomis,  Mr.,  on  the  movements  in 

tlie  fruiting  frou'is  of  Asplenium 

trichoma nefif  257 
Lotus  arUtata,   effect   of  radiation 

on  leavt'S,  292 
Creticus,  leaves  awako    and 

asleep,  354 

Gebelii,  nocturnal   movement 


of  cotyledons.  308 
-,  leaflets  provided  with  pulvini, 


353 


Jaeobieus,  movements  of  coty- 


ledons. 35,  109 
— ,  pulvini  of,  115 


INDEX. 


6»3 


LOTUS. 


Lotus     Jacohicus,    movements    at 
night,  llt>,  121,  124 

,  development  of  piilvini,  122 

,  Bleep  of  cotyledons,  808,  313 

Dyctitropic     movement     of 


leaves,  3ri3 
—  mtijor.  sleep  of  leaves,  353 
perigriniUf  movement  of  leaf- 


lets, 353 
T.unularta  rnJgari*,  circumnutjition 

ot  fronds,  25S 
Lupinua,  340 

aJln/rons,  sleep  of  leaves,  H44 

Ilartwdfjiiy   bleep    of    leavis, 


341 


lutewt,  eireumnutatiou  of  coty- 


ledons, 3S,  110 
-,  effect  of  darkness.  1 24 


LupinuSt  position  of  leaves   wlien 

asleep,  341 
,  ditlermt  positions  of  leuves  at 

night,  343 

,  varied  movements  of  leaves 


and  leaflet",  3ii5 
—  Memiesii^  slet^p  of  leaves,  343 
mutabilisj    sleep,  of   leaves. 


343 


nanu8t  sleep  of  leaves  343 
pilosuSf  sleep  of  leaves,  340, 


»41 

—  pohjphylliiSt  sleep  of  leav.s, 
343 

—  puhetcetu,  sleep  of  leaves  by 
d:)y  and  night,  31'i 

— ,  position  of  petioles  at  night, 
343 

— f  movements  of  petioles,  401 
tpecionu,   circumnutation  of 


leaves,  236 
Lynoli,  Mr.  R.,  on  Paehira  aq»a- 
tica,  95,  n, ;  sleep  movements  of 
Acerrhoa,  330 


Maranta  arundinacea,  nycti tropic 
movement  of  leaves,  389--3'Jl 

^— ,  after  mueh  agitation  do  not 
sleep,  319 


MELILOTUB. 

Manilla  qnadriMiata^  effect  of  ra- 
diation ut  night,  292 

^    circumnutation    and    iiycti- 

tropio  movement  of  leuiiets,  3j2- 
3J4 
-,  rate  of  movement,  404 


Martins,  on  radiation  at  night, 
284,  n. 

Masters,  Dr.  Maxwell,  on  the  lead* 
ing  shoots  of  the  Coniferii\  211 

Maurandia  MemperfloreiMy  circumnu- 
tation of  peduncle,  225 

Medicago  maculata,  noc^turnal  posi- 
tion of  leaves,  345 

marina,  leaves    awake    and 


asleep,  344 
Meehan,  Mr.,  on  the  effect  of  an 

yEoidium  on  PitrluXaca  oleracea^ 

181) 
Megarrhiza    Californica,    moile    of 

breaking    through    tiio    ground, 

81 
,  germination  do^ribed  by  Asa 

Gray,  S2 
,  bingular  manner  of  germina* 

tion,  83,  556 
Melalfuca  ericoefolia^  aleep  of  leaves, 

383 
Mdilotus,  sleep  of  leaves,  345 

cUba^  sleep  of  leaves,  317 

ciKTuleay  sleep  of  leaves,  347 

dentata,  effect  of  radiation  at 

night,  2i)5 

elegans,  sleep  of  leaves,  347 

gracilit,  sleep  of  leaves,  347 

infesta,  sleep  of  leaves,  347 

Italica,    leaves    exposed    at 


night,  291 

— ,  sleep  of  loiives,  317 

macrorrhizay  leaves  exposed  at 


night,  292 

— ,  sh  ep  of  leaves,  347 

messanensit,  bleep  of  leaves  on 


tuU-grown    and    young    plunta, 
348,416 

—  officinalis,  effect  of  exposure  of 
leaves  at  night,  2;H),  206 
— ,  nocturnal  movement  of  leaves. 


346,  347 

— ,  circumnutation  of  leaves,  348 

— ,  movement  of  petioles,  401 
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Melilotui  parviflora,  sleep  of  #tve8, 
347 

P^^Y/7t*Tr«a»/a,  leaves  <'Xpo»ed 

at  night,  291,296 

,  sleep  of  leaves,  347 

»ecundijioraf  sleep  of  leaTea, 

347 
. puavealens,  leaves  ezpoaed  at 

night,  291 

f  sleep  of  leaves,  347 

suleaiaj  sleep  of  IcaToe,  347 

Taurica,  Uaves  ez^KMieil    at 


night,  291 
-,  sleep  of  leaves,  347,  415 


Methods  of  obserxation,  6 

Mimosa  albicUij  cotyleilofiB  verticiil 

at  night,  116 

,  not  sensitive  to  contart.  127 

y  sleep  of  crjtyledons,  308 

,  rudimentary  leafloU,  3  .4 

,    nycti tropic    moveiuents     of 

leavod,  379,  380 
,  circuninutation  of  the  main 

petiole  of  young  leaf,  381 
-,  torsion,  or  rotation  of  leaves 


and  leaflets,  400 
— ,  first  true  leaf,  416 

-,  effect  of  bright  sunshine  on 


basal  leaflets,  445 

marginaia,  nycti  tropic  move- 


ments of  leaflets,  381 

puclica,   movement  of   coty- 


ledons, 105 
— ,  rupture    of   the   eeed-coata, 

105 
— ,  circumnutation  of  cotyledons, 

109 
— ,  pnlvini  of,  113,  115 

-,  cotyledons  vertical  at  night, 


116 


-,  hardly  sensitive  to  contact. 


127 


-.  elfect  of  exi>osur©  at   night, 


293 
— ,  nocturnal  movement  of  leaves, 

297 

— ,  sleep  of  cotyledon*,  808 
— ,    circumnutation    and    nycti- 

tropic  movement  of  main  petiol3| 

874-378 
— ,  of  leaflets,  878 


KEFTUVIA. 

Mimma  albidoj  circumnutation  and 
nyctitropic  movement  of  piuns^ 
402 

,  number  of  ellipses  descrilied 

in  given  time,  406 

f  effect  of  bright  sunshine  on 

leaflets,  446 

MirabilU  jalapa  and  Umf/i/lcra, 
nocturnal  movements  of  cotyle- 
dons, 307 

,    nyctitropic     movement     of 

leaves,  387 

Mold,  on  heliotropism  in  ten- 
drils, stems,  and  twining  plants, 
451 

Momentum-like  movement,  the  ac- 
cumulated effects  of  apogeo- 
tropi*m,  508 

Monocotyledons,  sleep  of  leaves, 
389 

Monoiropa  hypf>pttygy  mode  of 
breaking  through  the  ground,  86 

Morren,  on  the  movements  of 
stamens  of  Sparmauuia  and 
Cereus,  226 

Muller,  Fritz,  on  Cassia  tora,  34 ; 
on  the  circumnutation  of  Linum 
usitatMmum^  203 ;  movements 
of  the  flower-stems  of  an  Alisma, 
226 

Mutisia  cUmatis,  movement  of 
leaves,  246 

,  leaves  not  heliotropic,  451 


N. 


Natural    selection    in    connection 

with    geotropLtm,    hellotrDpisnVi 

&c.,  570 
Nephrodium  moUe,  drcumnutation 

of  very  young  frond,  63 

,  of  older  frond,  257 

,  slight  movement  of   fronds 

509 
Neptunia  oUracea,  sensitiveness  to 

contact,  128 
,  nyctitropic  movement  of  leaf* 

lets.  374 
,  of  pinnsj,  402 


INDEX. 
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KICOTIANA. 

Sicotiana  glaucat  sleep  of  leaves, 
385,  386  I 

,    circumnutation    of     leaves,    ! 

380 

Nobl)e,  on  the  nipturo  of  the  seed- 
coatd  iu  a  ueedliDg  of  Marty nia, 
105 

Nolatia  prostrata,  raoY( -raeut  of  secd- 
lings  iu  the  dark,  50 

,  circuuinatation  of   seedling, 
108 

Nvcti  tropic  movement  of  leaves, 
560 

N.vctitropisra.  or  sloep  of  leaves, 
281 ;  in  connection  with  radia- 
tion, 286;  object  gained  by  it, 
413 


0. 


Ohhervati  n,  metiiods  of,  6 

(EnotheranioUUsima,  sleep  of  leaves, 
383 

Opuntia  hanlaris,  conjoint  circum- 
nutation of  hypocotyl  and  coty- 
ledon, 44 

.  thickening  of  the  hypocotyl, 
96 

— ,  ciroumnutntion  of  hypocotyl 
when  erect,  J  07 

• ,  J)urying  of,  109 

Orange,  beediing,  circum  nutation 
ot;  510 

OrcJiis  pyramidalis^  complex  move- 
ment of  pollinia,  489 

Oxalit  acelonella^  circumnutation  of 
flower-stem,  224 

,  effects  of  exposure  to  radia- 
tion at  night,  287,  288,  296 

— ,  circumnutation  and  nycti- 
tropii  movement  in  full-grown 
leaf,  326 

,  circumnutation  of  leaflet  when 
asleep,  327 

■  ■  rate    of   circumnutation    of 

leaflets,  404 

-~— ,  eflt'ct  of  sunshine  on  leaflets, 
447 

• ,  circumnutation  of  peduncle, 

506 


ox  A  LIS. 

OxalU  aeeUmella^  seed-capsules,  only 
occasionally  buried,  518 

artietUaUh  nocturnal  move- 
ments of  cotyledons,  307 

{Biophylum)  aens/tiva^  ra- 
pidity of  movement  of  cotylodoni 
during  the  day,  26 

,  pulvimis  of,  113 

-,  cotyledons  vertical  at  night. 


116,118 

—  hupleurifoVa^  circumnutation 
of  foliiiccous  petiole,  328 

— ,  uyetitrof)ic  movement  of  ter- 
minal leaflet,  329 

—  eamota,   circumnutation    of 
flower-stcm,  223 

— ,  epinastic  movements  of  flower- 
stem,  504 

effect  of  exposure  at  night, 


288,  296 

— ,  movements  of  the  flowcr-po- 
d uncles  due  to  aposi:eotroplsm 
and  other  forces,  503-506 

coniicuUUa     (var.     cuprea^ 


movements  of  cotyledons,  26 
— ,  rising  of  cotyledons,  116 
— ,  rudimentary  pulviiii  of  coty- 
ledons, 119 

development    of    pulvinus, 


122 

— ,  effect  of  dull  light,  124 
— ,  experiments  on  leaves  at  night, 
288 


—  Jloribunda,  pulvinus  of  coty- 
ledons, 114 

nocturnal    movement,    118, 


307,  313 

fragrans,    sleep 


321 


of    leave:!. 


Ortegesiit   circumnutation  of 
flower  stems*,  224 
— ,  sleep  of  large  leaves,  327 

diameter  of  plant  at  night, 


402 

— ,  large  leaflets  afieoted  by  bright 
sunsliine,  417 

—  Flumierii,  sleep  of  leaves,  327 
purpurea,  exposure  of  leaflets 


at  night,  293 
—  rotea^  circumnutation  of  coty- 
ledons, 23,  24 


686 


IXDKX. 


0XALT8. 

Oxalin  roiea,  pulvinas  of,  113 

y  movenifiit   of  ootylerlons  at 

night  117,  118,307 

,  effect  of  dull  light,  124 

,     lion  -  sensitive     cotyledons, 

127 
sensitiffa,  niovc^ment  of  coty- 
ledons, 100,  127, 128 

,  circumuutation  of  flower-stem, 

224 
-,  nocturnal  moTcmcnt  of  coty- 


ledons, 307,  312 

— ,  sleep  of  leaves,  827 

—  tropoeoloides^  movement  of  co- 

tyliHlons  at  night,  118,  UO 

Valdiviaiuiy  cimjoint  cii-cum- 


nutation  of  cotyledons  and  hyjK)- 
ootyl,  25 

— ,  cotyledons  ri.sing  vertically  at 
niglit,  114.  115,  117,  118 
— ,  non-sensitive  cotyledons,  127 
nocturnal  movement  of  coty- 


ledon, 307.  312 
— ,  sbep  of  leaves  and  not  of  co- 
tyledons, 315 
— y  movements  of  leaves,  327 


P. 


Pachira  aquaticaj  unequal  cotyle- 
dons, 95,  n. 

Pancratium  lUtorah,  movement  of 
leaves,  2.55 

Paralieliotropism,  or  diurnal  sleep 
of  leaves,  445 

Pamfit/ra  fjracilis,  eircumnutution 
and  nyetitropio  movement  of 
kaves,38:J,384 

,    apogootropic    movement    of 

tendrils,  510 
-,  eeusitiveness  of  tendrils,  550 


Pelargonium  zouaie,  circumuutation 

of  stem,  203 
,  and  downward  movement  of 

young  leaf,  232,  233,  209 
Petioles,  the,  rising  of,  beneficial  to 

pliint  at  night,  4o2 
I'ttunia  violacea^  downward  move- 


TUABEOLVB. 

mcnt  and  circtimnufation  of  veiy 
yoang  leaf,  248,  249,  269. 

Pfeffer,  Prof,  on  tlie  turgesccnce  o( 
the  cells.  2 ;  on  pulvini  of  leaves, 
113,  117;  sleep  movements  of 
leaves.  280,  28:^.  284;  nocturnal 
rising  of  leaves  of  Malva,  324; 
movements  of  leaflets  in  Desivo- 
dium  gyran$,  358;  on  Phylhin- 
thus  Nirurij  388;  influence  of  a 
pulvinus  on  leaves,  3^6;  periodic 
movements  of  sleeping  leaves, 
•107,  408;  movements  of  petals, 
414 ;  effect  of  bright  sunshine  on 
leaflets  of  Robinia,  445 ;  effect  of 
light  on  parts  provided  with  pul- 
vini, 363 

Phalaris  Canarienns,  movements  of 
old  seedlings,  62 

>  circumuutation  of  cotyledons, 

63,  64,  108 
-,  heiiotropic  movement  and  cir- 


cumuutation of  cotyi(Klou  towards 
a  dim  lateral  light,  427 
— ,  sensitiveness  of  ootylctlon  to 
light,  455 


eflect  of  exclusion  of  light 
from  tips  of  cotyledons,  456 
— ,  manner  of  bending  towards 
light,  457 

— .  effects  of  painting  with  Indian 
ink,  467 
— ,  transmitted  effects  of  light. 


469 


470 


lateral    illuminat'on  of  tip, 


— ,  apogeotropic  movement  of  tlie 
sheath-like  cotyledons,  497 

change  from  a  straight  n\^ 


ward  npogeotropic  course  to  cir- 

cumnutation,  499 

— .    apogeotropio    movement   oi 


cotyledon:^  500 
Phamdus   Hemandesiif    nocturnal 

movement  of  leaves  and  leaflets, 

3fi8 

caracalla^  93 

1  nocturnal  movement  of  leavoa. 

368 
,  effect  of  bright  sunshine  on 

leaflets,  446 
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VUASKOLV9, 

Phasealus  muUiJlorus,  move:ieut  of 

rudicles,  29 
.^— ,  of  young  radicle,  72 

,  of  hypowHyl,  91,  93 

,8(:ij8itiveueB8ofapexofrailicle, 

163-167 

,  to  moidt  air,  181 

,  cauterit»ation  and  grease  ou 

the  tips,  585 
— ,  Doutiiriial  movemeutof  loaves, 

308 
— — ,  nyctitropic  movement  of  the 

first  iiuifoli.ite  leavt  s,  397 

lioxburghii,   cffuot  of  bright 


fiunshiiie  on  first  leaves,  415 

• ,  vulgaris.  93 

,  sleep  of  leaves,  318 

,  vertical  sinking  of  leaflets  at 
night,  368 

Phyllanthus  A'lVuri,  sleep  of  leaf- 
lets, 3SS 

Hnoklts,    sleep    of    leavea, 

387 

Vilocereus    HuUetii,   rudimentary 

eolyledons,  97 
Pimelia  gpeciabiluy  sleep  of  leaves, 

387 
Pincers,   wooden,    through    whirh 

tlie  radicle  of  a  bean  was  allowed 

t<»  grow,  75 
Pintis  autttriaca.  clrcumnutatiou  of 

leaves,  251,  252 
■  Nordinanniatia,     nyctitropic 

moveni(-ut  of  leaves,  389 

pinaster,    cireumnutation    of 

hypocotyl,  56 

,  movement  of   two    opposite 

cotyle<ions,  57 
,  circumnutition  of  young  leaf, 

250,  251 
,   epinastio    downward    move- 
ment of  young  leaf,  270 
Finlia    stratiotcs,      movement     of 

heaves,  2.*i5 
PUum    sativum,    scn&itiveiicas    of 

apex  of  mdiele,  15H 
,  tipi   of  rajJieles    cauterised 

transversely,  534 
Plunts,     Sensitiveness     to     light, 

419;  hygroscopic  movemenls  of, 

489 


QUBROUS. 

rinnts,  climbing,  cireumnutation  of^ 
26 1 ;  movements  of,  559 

,   mature,    cireumnutation  of, 

201-214 

Pliny  on  the  sleep-movements  of 
plants,  280 

Plumbago  Capensis^  cireumnutation 
of  stem,  208,  209 

Poiiici'ana  Gilliesii,  bleep  of  leaves, 
368 

Polygonum  aricnlare,  leaves  vertical 
at  nijiht,  3«7 

convolvulus,    sinking  of   the 

haves  at  niglit,  318 

Pontederia  (sp.  ?),  cireumnutation 
of  leaves,  256 

Porlieria  hygrometriea,  cireum- 
nutation ani  nyctitropic  move- 
ments of  petiole  of  leaf,  335, 
336 

,  effect  of  watering,  336-338 

.  leaflets  closed  during  the  d.iy, 

413 

PorltUaea  oleraeea,  effect  of  .£ci- 
dium  on,  189 

Primula  Siiieusis,  conjoint  cireum- 
nutation of  hypocotyl  and  coty- 
liidon,  45,  4t» 

Pringsheim  an  the  inj  ury  to  chloro- 
phyll, 446 

Prosopis,  nyctitropic  movements  of 
leaflets,  374 

Psoralea  aeaulis,  nocturnal  mov(»- 
mcnts  of  leaflets,  354 

Pierit  ofiuilina,  rachis  of,  86 

Pulvini,  or  joints ;  of  a)tyledon8, 
112-122;  influence  of,  on  the 
movements  of  cotyledons,  313; 
effect  on  nyctitropic  movements, 
396 


Q. 


Qiternus  (Ameiican  sp.),  cireumnu- 
tation of  young  stem,  53,  54 
roburf  movement  of  radicles, 


54,55 

— ,     sensitiveness 

radicle,  174-176 


of    apex    of 


588 
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QUEQCU8. 

Quer(m9  tfirenf,  manner  of  germina* 
tion,  85,  557 


S. 


RaJlution  at  night.  efTett  of,  on 
1.  ave»,  284-280 

Rudicles^  manner  in  which  Uiey 
penetrute  the  ground,  69-77 ;  cir- 
cumnutation  of,  69  ;  exfieriments 
with  Bplit  sticks,  74 ;  with 
wooden  pincers,  75;  sensitivene-ss 
of  apex  to  contact  and  other  irri- 
tants, 129  :  of  Vicia  faha,  132- 
15s ;  yarioUB  exi)erimei)ts,  135- 
140 ;  summary  of  robiilts,  143-151; 
power  of  an  irritant  On,  com- 
pared with  geotroplsm,  151-154 ; 
Hon&itiveness  of  tip  to  mrn'st 
air,  180 ;  with  greased  tips, 
185 ;  efiect  of  killing  or  injuring 
the  primary  radicle,  187-191; 
curvature  of,  193;  affected  by 
moisture,  198;  tip  alone  sensitive 
to  geotropism,  540;  protrusion 
nnd  circumnutation  in  a  germina- 
ting seed,  548;  tip  highly  sen- 
sitive, 550 ;  the  tip  HcU  liko  the 
brain  of  one  of  the  lower  animals, 
573 

,    sccondnry.   sensitiveness    of 

the  tips  in  the  bean,  151 ;  become 
vertically  geo tropic,  186-191 

Ramey  on  the  movements  of  tlie 
cotyledons  of  MimoM  pudicd, 
tiTid  Clianihus  Dampieri  at  night, 
297 

Ranunculus  Ficaria^  nKwle  of 
breaking  through  the  gr 'und, 
86,90 

,  fcingle  cotyledon,  96 

,  effect  of  lateral  light,  484 

llaphanus  saliva^  s  nsitivencss  of 
apex  of  ra<licle,  171 

,  sleep  of  cotyU?<lon8,  301 

Rattan,  Mr.,  on  the  germination  of 
the  seeds  of  Mtigarrhiza  Colt/or- 
ni'-a,  82 

Relafion  between  circumnutation 
And  heliotropism.  435 


BACBB. 

lieseda  oriorato,  hypocotyl  of 
ling  slightly  heiiotropio,  454 

Reversion,  due  to  mutilation,  190 

Jihipsiilis  casfytha,  rudimentary  co- 
tyledons, 97 

Rlcinns  Borhfmiens.'s,  cimimnufa- 
tion  of  arched  hypf>cotyl,  53 

Robinia,  effect  of  brignt  sunshine 
on  its  leavej*,  445 

pteudo^ncaciUj  leaflets  vertical 

at  night,  355 

Rodier,  M.,  on  the  movements  of 
Ceratnpftyllum  denursumy  211 

Royer.  Cii.,on  the  sleep-movements 
of  plants.  281,  n. :  on  the  sleep  of 
h  avOvS  318  :  the  leaves  of  Medi' 
cago  maeuJafa,  345 ;  on  WUtaria 
Sinensis,  354 

Ruhus  idaus  (hybrid)  circumnuta- 
tion of  stem,  205 

,    apogeotropic    movement   of 

stem,  498 

Ruiz  and  Pavon,  on  Porlieria  Ay- 
grometrira,  336 


8. 


Sachs  on  **  revolving  nutation,"  I ; 
intimate  connection  between  tur- 
gcscence  and  growth,  2,  n. ;  coty- 
ledon of  the  onion,  59;  adapta- 
tion of  root-hairs,  69  ;  the  move- 
ment of  the  radicle,  70,  72,  73; 
movement  in  the  hypoootyls  of 
the  bean,  &c ,  91 ;  sensitiveness 
of  radicles.  131,  145,  198;  sensi- 
tiveness of  the  primary  radicle 
in  the  bean,  155:  in  the  com- 
mon pea,  156 ;  -effect  of  moi^t 
air,  180;  of  killing  or  injuring 
the  primary  radicle,  186,  187 ; 
circumnutation  of  flower-stems, 
225;  epinasty,  2<^>8;  movements 
of  leaflets  of  Tri/olium  incar^ 
natum,  350;  action  of  light  in 
modifying  the  periodic  move- 
ments of  leaves,  418 ;  on  geotro- 
pism  and  heliotropism,  430,  %.*, 
on     7Vop  Tsolvm     majui^     458  * 
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SARRACENIA. 

on  the  hypocotyls  slightly  helio- 
tropic,  and  stems  stron^rly  nphe- 
liotropic  of  tho  ivy,  458 ;  hc- 
liotropisin  of  ra<licle8,  482 ;  ex- 
periments on  tips  of  nvliclos 
of  h-jin,  SiS,  524 ;  ciirv«ture  of 
the  h ypoootyl,  555  ;  resemblunco 
h<  twL-en  plants  and  animals, 
571 

Stirracenia  j/urpurea,  ciicnmnuta- 
tion  of  youn*^  pitcher,  227 

Saxi/rnga  samientoM^  circiim- 
nutation  of  an  inclined  stolon, 
218 

Schranhia  acnh'ota^  nyctitn>pio 
movement  of  the  pinmp,  881, 
403 

uncinata^  nyctitropic  move- 
ments of  leufleta,  881 

Sfcurigera  cornnilla^  nocturnal 
movemtnts  of  leaflets,  352 

Seed-capsules,  burying  of,  513 

Sced-coats,  rupture  of,  102-106 

Si'edling  plants,  oin.'umnutating 
movements  of,  10 

Selaginella,  circumnutation  of,  258 

A>atM»t(Of  <2^fcumnutation  of 

young  plant,  06 

Snia  napcen,  depression  of  leaves  at 
night,  822 

— ,  no  pulvinns,  322 

return,  vertical  rising  of  loaves, 

322 

• rhomh'folia,  sleep  of  cotyledons, 

308 

,  sleep  of  Icnvos,  314 

,  vertical  rising  of  leaves,  322 

,  no  pulvinus,  322 

,  eireumnntation  and  nycti- 
tropic movements  of  leaf  of  young 
phint,  822 

,    nyctitropic     movement     of 

leaves,  897 

Siegesbeckia  ortentalis,  sleep  of 
leaVi-8,  810,  384 

Sinapia  cUba,  hypocotyl  bending  to- 
wards the  light,  461 

,  transmitted  el!cct  of  light  on 

radicles,  482,  488,  567 

— — ,  growth  of  radicles  in  dark- 
niAs,  186 


STAPELIA. 

Sinnins  migroy  sleep  of  cotyledons, 

.801 
SmiUix    tupera,    tendrils    aphclio- 

tropie,  451 
Smiikia    P/undii,     non  -  sensitive 

cotyledons,  127 
,  liypomistic  movement  of  tho 

curved  fummit  of  the  stem,  274- 

876 
,  mtyledoDs   not   8lec]>ing   at 

night.  308 
,  Terfclcal  movement  of  leaves, 

356 


tenntica,  sensitiveness  of  coty- 
ledons to  contact,  126 

,  sl«ep  of  cotyledons,  308 

Sophora  dkrijsophylla,  leaflets  rise  at 

niifht,  868 
Solannm    duIcamarcL,    ciroumnuta- 

ting  httins  266 
lyeoperaicum,    movement    of 

hypocotyl,  50 

,  of  eotyled(»ns,  50 

,  effect  of  darkness,  124 

,  lining  of  cotyledons  at  night 

306 
,    heliotrop'o    movement-s    ot 

hypoi'otyl,  421 
,  effect  of  an  intermittent  Tght. 

457 

,  inpid  helintropifrm,  461 

paiinacanthumf     circumnn- 


tiitiou  of  arched   hypocotyl,  51, 

100 

— ,  of  cotyledon,  51 

,  ellipses  dehcrihr>d    by  hypo- 


cotyl wlK»n  erect,  107 
,  no'^tnrnal  movement  of  cotv- 

liKlons,  806 
Sparganiuin  ramoKum,  rhizr>mes  of. 

189 
Sphaeropkywi     saUola,     rising     of 

leafleU,  855 
Spirogifra  prince})^,  movement;*  of, 

259,  n. 
Stahl,  Dr.,  on   the  effect  of  iEoi- 

dium  on  shoot,  189;   on  the  in* 

fluence  of  light  on  swarm-spores, 

488,  n. 
Stapelia  tarpedon^  cireumnutation 

of  hypocotyl,  46,  47 
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8TAPELIA. 

Stapelia  sarpedouj  minuto  coty- 
ledons, 97 

Stellaria  mediae  nocturnal  move- 
ment of  leaves,  297 

RUMnn,  circumnutution  of,  201-214 

Stolons,  or  Runners,  circumnutu- 
tion of,  214-222,  558 

Stnisbuiger,  on  the  effect  of  liglit 
on  spores  of  HsBmatoccns,  455,  n.  ; 
the  influence  of  light  on  t..e 
swarm-spores,  488 

Strawberry,  stolons  of  the,  circum- 
nutiite,  but  not  affected  by  mode- 
rate light,  454 

Strephium  floribundum^  circumnu- 
tation  and  nyctitropic  movement 
of  leaves,  391,  392 


Tamarhidtis     Imlica^     nyctitropic 

movement  of  lc.«flt  ts,  374 
Tninsversiil  -  luliotropi.-mus       (of 

Frank)  or  diaheliotropism,  438 
Trapa  natan9,  unequal  cotyledons. 

95,  n. 
Tecoina    radioans,    sti>ms    aphelio- 

tropic,  451 
Tqphrosia  carihxay  351 
Terminology,  5 
Tlialia  dealhaia^   sleep   of   leaves, 

389 
,  lateral  movement  of  leaves, 

404 
TrichoMtiihes  anfjniua,  nction  of  the 

peg  on  the  rndicle,  104 
,  noctnrnal  movtment  of  coty- 

Itdons,  304 
Trtfolium,  position  of  terminal  leaf- 
lets iit  night,  282 
■ gld)omm^  with  hairs  protecting 

the  bee<l-bearing  flowers,  517 

ylomeratnm^    movement    of 

cotyledons,  309 

• incamatum,    n;ovimcBt    of 

cotyledons,  309 

—  rannonicum,  sliape  of   first 
true  leaf,  350,  415 


TBITICUM. 


Trifclium  praisnsey  leaves  ei^posetl 

at  night,  293 
repen$t    circumnntation    oi 

flower-stem,  225 
-,  circumnutating  and  epinastic 


movements  of  flower-stem,  216- 
279 

nyctitropic    movement     of 


leaves,  349 
— ,    circumnntation    and    nycti- 
tropic   movements    of    terminal 
leaflets,  352,  353 
— ,  sleep  movements,  349 
—  rempiimtumt    no   pulvini    to 
cotyledons,  118 

— ,  circumnutalion  of  stem,  201 
-,  efl'ect  of  exfKteuro  at  night. 


295 


,    cotyledons    not    rising    at 

night,  118,  3(»9 

,    circumnutation    and    nycti- 

tro[>ic    movements    of     termimd 
leaflets,  351,  352 

stricium,  movements  of  coty- 
ledons at  night,  110,  118 

,  nocturnal  and  diurnal  move- 
ments of  cotyledons,  309-311, 
313 

,  movement  of  the  left-nand 

Cotyledon,  310 

subterraneunit    movement    of 
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HISrOR  Y  OF  CR USTACEA.     By  Rev.  Thomas 

R.  R.  Stebbing,  M.  a.,  author  of  "  The  Challenger  Amphipoda/' 
etc.     With  numerous  Illustrations.     i2mo.    Cloth,  $2.00. 

"Mr.  Stebbing's  account  of  Recent  Malacostraca '  (soft-shelled  animals)  is  practi- 
cally complete,  and  is  based  upon  the  solid  foundations  of  science.  The  astonishing 
development  of  knowledge  in  this  branch  of  natural  history  is  due  to  the  extension  of 
marine  research,  the  perfecting  of  the  microscope,  and  the  general  diffusion  of  informa- 
tion regarding  what  has  been  ascertained  concerning  the  origin  of  species.  .  .  .  This 
volume  is  fully  iltiistrated,  and  contains  useful  references  to  unportant  authorities.  It 
is  an  able  and  meritoiioiis  survey  of  recent  Crustacea." — PhUadtlphui  Ledger. 
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ANDBOOK  OF  GREEK  AND  LATIN  PA- 
LEOGRAPHY. By  Edward  Maunde  Thompson,  D.  C.  L., 
Principal  Librarian  of  the  British  Museum.  With  numerous 
Illustrations.     i2mo.     Cloth,  $2.00. 

**  Mr.  Thompson,  as  principal  librarian  of  the  British  Museum,  has  of  course  had 
very  exceptional  advantaces  f(ir  preparing  his  book.  .  .  .  Probably  all  teachers  of  the 
classics,  as  well  as  specialists  in  paleography,  will  find  something  of  value  in  this  sys- 
tematic treatise  upon  a  rather  unusual  and  difficult  %\XL^y"— Review  0/ Reviews. 

"  Covering  as  this  volume  does  such  a  vast  period  of  time,  from  the  beginning  of  the 
alphabet  and  the  ways  of  writing  down  to  the  seventeenth  century,  the  wonder  is  how, 
within  three  hundred  and  thirty-three  pages,  so  much  that  is  of  practical  usefulness  has 
been  brought  together." — .VVw  Vcrk  'limes. 
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AN  AND   THE  GLACIAL  PERIOD.     By  G. 

Frederick  Wright,  D.  D.,  LL.  D.,  author  of  **  The  Ice  Age  in 

North  America,"  "  Logic  of  Christian  Evidences,"  etc.     With 

numerous  Illustrations.     i2mo.     Cloth,  $1.75. 

"  The  author  is  hims-^lf  an  independent  student  and  thinker,  whose  competence  and 
authority  are  undisputed." — Sew  York  Sun. 

*\  It  may  be  described  in  a  word  as  the  b*st  summary  of  scientific  conclusions  con- 
cerning the  question  of  man's  antiquity  as  affected  by  his  known  relations  tu  geological 
umic."— Philadelphia  Press. 
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ACE  AND  LANGUAGE.     By  Andr^  Lefkvre, 

Professor  in  the  Anthropological  School,  Paris.     i2mo.     Cloth, 

$1.50. 

"  A  most  scholaH^  exposition  of  the  evolution  of  language,  and  a  comprehensive 
account  of  the  Indo-European  group  of  tongues."— .^t^x/^N  Advertiser. 

"  A  welcome  contribution  to  the  study  of  the  obscure  and  complicated  subject  with 
which  it  deals."— 6a«  Francisco  Chrontcle. 

"  One  of  the  few  scientific  works  which  promise  to  become  popular,  both  widi 
those  who  read  for  instruction  and  those  who  read  for  Tec'KA.i\oa."—Phiiadelphia  Item, 
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OUTINGS  A  T  ODD  TIMES,  By  Charles  C. 
Abbott,  author  of  "  Days  out  of  Doors  **  and  "  A  Naturalist's 
Rambles  about  Home."     i6mo.     Cloth,  gilt  top,  $1.25. 

"  A  charming  little  volume,  literally  alone  with  Nature,  for  it  discusses  seasons  and 
the  fields,  birds,  etc.,  with  the  loving  freedom  of  a  naturalist  bom.  Every  page  reads 
like  a  sylvan  poem;  and  for  the  lovers  of  the  beautiful  in  quiet  out  door  ana  out-of- 
Xo-nm  life,  this  beautifully  bound  and  attractively  printed  little  volume  will  prove  a 
companion  and  fiiend."— /f<vA«/^r  Union  and  Advertiser. 
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NATURALIST'S  RAMBLES  ABOUT  HOME. 
By  Charles  C.  Abbott.     i2mo.    Cloth,  $1.50. 

"  The  home  about  which  Dr.  Abbott  rambles  is  clearly  the  haunt  of  fowl  and  fish, 
of  animal  and  insect  life ;  and  it  is  of  the  habits  and  nature  of  these  that  he  discourses 
pleasantly  in  this  book.  Summer  and  winter,  morning  and  evening,  he  has  been  in 
the  open  air  all  the  time  on  the  alert  for  some  new  revelation  of  instinct,  or  feeling, 
or  character  on  the  part  of  his  neighbor  creatures.  Most  that  he  sees  and  hears  he 
reports  agreeably  to  us,  sis  it  was  no  doubt  delightful  to  himself.  Books  like  this, 
which  are  free  from  all  Uie  technicalities  of  science,  but  yet  lack  little  that  has  scien- 
tific value,  are  well  suited  to  the  reading  of  the  young.  Their  atmosphere  is  a  healthy 
one  for  boys  in  particular  to  breathe. " — Boston  Transcript, 
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AYS  O  UT  OF  DOORS.     By  Charles  C.  Abbott. 

i2mo.     Cloth,  $1.50. 

"'Dajs  out  of  Doors'  is  a  series  of  sketches  of  animal  life  by  Charies  C.  Abbott, 
a  naturalist  whose  graceful  writings  have  entertained  and  instructed  the  public  before 
now.  The  essays  and  narratives  in  this  book  are  grouped  in  twelve  chapters,  named 
after  the  months  of  the  year.  Under  '  January '  the  author  talks  of  squirrels,  musk- 
rats,  water-snakes,  and  the  predatory  animals  that  withstand  the  Hgor  of  winter; 
under  *  February '  of  frogs  and  henms,  crows  and  blackbirds ;  under  '  March '  of  gulls 
and  fishes  and  foxy  sparrows:  and  so  on  appropriately,  instructively,  and  divertingly 
through  the  whole  twelve." — I^ezv  York  Sun. 


r 


WE  PLA  YTIME  NA  TURALIST     By  Dr.  J.  E. 

Taylor,  F.  L.  S.,  editor  of  "  Science  Gossip."     With  366  Illus- 
trations.    i2mo.     Cloth,  $1.50. 

"  The  work  contains  abundant  evidence  of  the  author's  knowledge  and  enthusiasm, 
and  any  boy  who  may  read  it  carefully  is  sure  fo  find  something  to  attract  him.  The 
style  is  clear  and  lively,  and  theie  are  many  good  illustrations." — Nature. 
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HE    ORIGIN    OF    FLORAL    STRUCTURES 

through  Insects  and  other  Agencies,  By  the  Rev.  George 
Henslow,  Professor  of  Botany,  Queen's  College.  With  nu- 
merous Illustrations.     i2mo.     Cloth,  $1.75. 

"  Much  has  been  written  on  the  structure  of  flowers,  and  it  might  seem  almost 
superfluous  to  attempt  to  say  anything  m<>re  on  the  subject,  but  it  is  only  withm  the 
last  few  years  that  a  new  literature  has  sprung  up,  in  which  the  authors  have  described 
their  observations  and  given  their  interpretations  of  the  uses  of  floral  mechanisms,  more 
especially  in  connection  with  the  processes  of  fertilization."— /r^m  Introduction, 
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^HE     GARDEN'S    STORY ;     or.  Pleasures  and 

Trials  of  an  Amateur  Gardener,     By  George  H.  Ellw anger. 

With  IJead  and  Tail  Pieces  by  Rhead.     i2mo.     Cloth,  extra, 

$1.50. 

"  Mr.  Ellwanpcr's  instinct  rarely  errs  in  matters  of  taste.  He  writes  out  of  the 
fullness  of  experimental  knowledi;e,  but  his  knowledge  differs  from  that  of  many  a 
trained  cultivator  in  that  his  skill  in  garden  practice  is  guided  by  a  refined  eesthclic 
sensibility,  and  his  appreciation  of  what  is  b^utifiil  in  nature  is  healthy,  hearty,  and 
attholic.  His  record  of  the  garden  year,  as  we  have  said,  beg^ins  with  the  earlieft 
violet,  and  it  follows  the  season  through  until  the  witcb>hazel  is  blossoming  on  the 
border  of  the  \k-intry  woods.  .  .  .  This  little  book  can  not  fail  to  give  pleasure  to  ail 
who  take  a  genuine  interest  in  rural  life."— iVrw  York  Tribune. 

Y^IfE    ORIGIN   OF    CULTIVATED    PLANTS. 
-^       By  Alphonse  de  Candolle.     i2mo.    Cloth,  $2.00. 

"  Though  a  fact  familiar  to  botanists,  it  is  not  generally  known  how  great  is  the 
uncertainty  as  to  the  origin  of  many  of  the  most  important  cultivated  plants.  ...  In 
endeavoring  to  unravel  tiie  matter,  a  knowledge  of  botany,  of  geo^rapny,  of  geology, 
of  history,  and  of  philosophv  is  required.  By  a  combination  of  testimony  derived  from 
these  sources  M.  de  Candolle  has  been  enabled  to  determine  the  botanical  origin  and 
geographical  source  of  the  large  proportion  of  species  he  deals  with." — The  Athtnafum. 

HTHE  FOLK-LORE  OF  PLANTS.    By  T.  F.  This- 
^       ELTON  Dyer,  M.  A.     i2mo.     Cloth,  $1.50. 

"  A  handsome  and  deeply  interesting  volume.  .  .  .  In  all  respects  the  book  is  ex- 
cellent. Its  airangrment  is  simple  and  intelligible,  its  style  bright  and  alluring. 
...  To  all  who  seek  an  introduction  to  one  of  the  most  attractive  branches  of  folk- 
lore, this  delightful  volume  may  be  warmly  commended. — Notes  and  Queries. 

PLOWERS    AND    THEIR    PEDIGREES.       By 
-^        Grant  Ailfn,  author  of  "Vignettes  of  Nature,"  etc.     Illus- 
trated.    i2mo.     Cloth,  $1.50. 

" No  vriter  treats  scientific  subjects  with  so  much  e?se  and  charm  of  style  as  Mr. 
Grant  Allen.  The  study  is  a  delightful  one,  and  the  book  is  fascinating  to  any  one 
who  has  either  love  for  flowers  or  curiosity  about  them." — Hartford  Courant. 

"  Any  one  with  even  a  smattering  of  botanical  knowledge,  and  with  either  a  heart 
or  mind,  must  be  charmed  with  this  collection  of  essays."— C^/ira^o  Evening  Jaumal. 

7^HE  GEOLOGICAL  HISTORY  OF  PLANTS. 
By  Sir  J.  William  Dawson,  F.  R.  S.  Illustrated.  i2mQ. 
Cloth,  $1.75. 

"  The  object  of  this  work  is  to  give,  in  a  connected  form,  a  summary  of  the  deyeloT>- 
ment  of  the  vegetable  kingdom  in  geological  time.  To  the  geologist  and  I  otanist  the 
subject  is  one  of  importance  with  reference  to  their  special  pursuits,  and  one  on  which 
it  has  not  been  easy  to  find  any  convenient  manual  of  information.  It  is  hoped  that  its 
treatment  in  the  present  volume  will  abo  be  found  sufficiently  simple  and  popular  to  be 
attractive  to  the  general  reader." — From  the  hre/ace. 
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HE  ICE  AGE  IN  NORTH  AMERICA,  and  its 

Bearings  upon  the  Antiquity  of  Afan.  By  G.  P'rederick 
Wright,  D.D.,  LL.  D.,  F.G.S.A..  Professor  in  Oberlin 
Theological  Seminary;  Assistant  on  the  United  States  Geo- 
logical Survey.  With  an  appendix  on  "The  Probable  Cause 
of  Glaciation,"  by  W^arren  Upham.  F.  G.  S.A.,  Assistant  on 
the  Geological  Surveys  of  New  Hampshire,  Minnesota,  and 
the  United  States.  New  and  enlarged  edition.  With  150  Maps 
and  Illustrations.     8vo,  625  pages,  and  Index.     Cloth,  $5.00. 

•*  Not  a  novel  in  all  the  list  of  this  year's  publications  has  in  it  any  P^Kes  of  more 
thrilling  interest  than  can  be  found  in  this  book  by  Professor  WrighL  There  is  noth- 
ing pcHaniic  in  the  narrative,  and  the  most  venous  themes  and  startling  discoveries  are 
treated  with  such  charming  naturalness  and  amplicity  that  boys  and  girls,  as^well  as 
their  seniors,  \vili  be  attracted  to  the  story,  and  f.nd  it  difficult  to  lay  it  aside"— AVt» 
York  yonrnal  0/  CctHfuerce. 

"  One  of  the  most  absorbing  and  interesting  of  all  the  recent  issues  in  the  depart- 
ment of  popular  science." — Chicago  Herald, 

"Thouch  his  subject  is  a  very  deep  one,  his  sljrle  is  so  very  unaffected  and  per- 
spicuous that  even  the  unscientific  reader  can  peruse  it  with  intelligence  and  profit.  In 
reading  such  a  book  we  are  led  almost  to  wonder  that  so  much  that  is  scienufic  can  be 
put  in  language  so  comparatively  simple." — A'rw  York  Observer. 

"  The  author  has  seen  with  his  own  eyes  the  most  important  phenomena  of  the  Ice 
age  on  this  continent  from  Maine  to  Alaska.  In  the  work  itself,  elementary  description 
is  combined  with  a  broad,  scientific,  and  philosophic  method,  without  abandoning  for 
a  moment  the  purely  scientific  character.  Profiusor  Wright  has  contrived  to  give  the 
whole  a  philosophical  direction  which  lends  interest  and  inspiration  to  it,  and  which  in 
the  chapters  on  Man  and  the  Glacial  Period  rises  to  someUiing  like  dramatic  intensity." 
— 7'A/  indefemUMt. 

".  .  .  To  the  great  advance  that  has  been  made  in  late  years  in  the  accuracy  and 
cheapness  of  processes  of  photographic  reproduction  Is  due  a  further  signal  advantage 
that  Dr.  Wright's  work  possesses  over  his  predecessors'.  He  has  thus  been  able  to 
illustrate  most  of  the  natural  phenomena  to  which  he  refers  by  views  taken  in  the  field, 
piany  of  which  have  been  generously  loaned  by  the  United  States  Geological  Survey, 
in  some  rases  from  unpublished  material :  and  he  has  admirably  supplemented  them  by 
numerous  maps  and  diagrams." — The  Nation. 

Ti/fAN  AND   THE  GLACIAL  PERIOD,     By  G. 

J-^^  Frederick  Wright,  D.  D.,  LL.  D.,  author  of  "The  Ice 
Age  in  North  America,"  "  Logic  of  Christian  Evidences,"  etc 
International  Scientific  Series.  With  numerous  Illustrations. 
i2mo.     Cloth,  $1.75. 

"  It  may  be  described  in  a  word  as  the  best  summary  of  saentific  conclusions  con- 
cerning the  question  of  man's  antiquity  as  affected  by  his  known  relations  to  geological 
V^^r—Fhiladflpkia  Prtss. 

**  The  earlier  chapters  describing  glacial  action,  and  the  traces  of  it  in  North  Amer- 
ica—especially the  defining  of  its  limits,  such  as  the  terminal  moraine  of  the  great 
movement  itself-  are  of  g^rcat  interest  and  value.  The  maps  and  diagrams  are  of  much 
assistance  in  enabling  the  reader  to  grasp  the  vast  extent  of  the  movement" — Lomd^n 
spectator. 
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CAMP-FIRES  OF  A  NATURALIST,  From  the 
Field  Notes  of  Lewis  Lindsay  Dyche,  A.  M.,  M.  S.,  Professor 
of  Zoology  and  Curator  of  Birds  and  Mammals  in  the  Kansas 
State  University.  The  Story  of  Fourteen  Expeditions  after 
North  American  Mammals.  By  Clarence  E.  Edwords. 
With  numerous  Illustrations.     i2mo.     Cloth,  $1.50. 

"  It  is  not  always  that  a  professor  of  zodlogy  is  so  enthusiastic  a  sportsman  as  Profl 
Dyche.  His  huntini;  exploits  are  as  varied  as  those  of  Gordun  Cummiog,  for  example, 
ill  South  Africa.  His  gnzzly  bear  is  as  dangerous  as  the  lion,  and  his  mountain  sheep 
and  goats  more  difficult  to  htalk  and  shoot  than  any  creatures  of  the  torrid  zone.  Evi- 
dently he  (;fune  by  his  tastes  as  a  hunter  from  lilelong  experience." — Nfw  Vork 
Tribune. 

*'  The  book  has  no  dull  pAges,  and  is  often  excitingly  interesting,  and  fully  in- 
structive as  to  the  habits,  haunts,  and  nature  of  wild  beasu.  — Cfufagn  Inttr'Ocean. 

"There  is  abundance  of  interesting  incident  in  addition  to  the  scientific  element, 
and  the  illustrations  are  numerous  and  hi^^hly  graphic  as  to  the  big  game  met  by  the 
hunters,  and  the  hardships  cheerfully  undertaken.— //rrt^t/yw  Eagle. 

"  The  narrative  is  simple  and  manly  and  full  of  the  freedom  of  forests.  .  .  .  Ttiis 
record  of  his  work  ought  to  awaken  the  interest  of  the  generation  growing  up,  if  only 
by  the  contrast  of  his  active  experience  of  the  resources  of  Nature  and  of  savage  lire 
with  the  back^ound  of  culture  and  the  environment  of  educational  advantages  diat 
are  bemg  rapidly  formed  for  the  students  of  the  United  States.  1  rof.  Dyche  seems, 
from  this  account  of  him,  to  have  thought  no  pers<inal  hardship  or  exertion  wasted  in 
his  attempt  to  collect  facts,  that  the  naturalist  of  the  future  may  be  provided  with  com* 
plete  and  verified  ideas  as  to  species  which  will  soon  }>e  extinct.  This  is  good  Mforic— 
work  that  we  need  and  that  posterity  will  recognize  with  gratitude.  The  illustrationa 
of  the  book  are  interesting,  and  the  type  is  clear." — Nrw  York  Times. 

*'  I'he  adventures  are  simply  told,  but  some  of  them  are  thrilling  of  necessity,  how- 
ever modestly  the  narrator  doe^t  his  work.  Prof.  Dyche  has  had  ab«)ut  as  miiny  expe- 
ricnces  in  the  way  of  hunting  fi)r  science  as  fall  to  the  lot  of  the  mcst  fortunate,  and 
this  recouMtal  of  them  is  most  interesting.  The  camps  from  which  he  worked  ranged 
from  the  I^ke  of  the  Woods  to  Arizona,  and  northwest  to  Itritish  Columbia,  and  in 
every  region  he  was  successful  in  securing  rare  specimens  f<ir  his  museum." — Chicago 
Times. 

*•  The  literary  construction  is  refresliing  The  reader  is  cairied  into  the  midst  ci 
the  very  scenes  of  which  th :  author  tells,  not  bv  elaborateness  of  description  but  by  the 
directness  and  vividness  of  every  sentence.  He  is  given  no  opportunity  to  abandon 
the  companions  with  which  the  book  h'«s  provided  him,  for  incident  is  made  to  ftdlow 
incident  with  no  intervening  literary  padding.  In  fact,  the  book  is  all  siciion." — KasumS 
City  yournaJ. 

"  As  an  outdoor  book  of  camping  and  hunting  this  book  possesses  a  timely 
interest,  but  it  also  has  the  merit  of  9>c'entific  exactness  in  the  deskcriptions  of  thtf 
habits,  peculiarities,  and  haunts  of  wild  9Xi\m9\%*'  —J  Atiadeiphin  Press. 

"  But  what  is  most  important  of  all  in  a  narrative  of  this  kind— for  it  seems  to  ui 
that  '  Camp-Fires  of  a  Naturalist '  was  written  first  of  all  for  entertainment— dieso 
notes  neither  have  been  '  dressed  up'  and  their  accuracy  thereby  impaired,  nor  yet  re* 
tailed  in  a  dry  and  statistical  manner.  I'he  book,  in  a  word,  is  a  plain  nanative  of 
adventures  among  the  larger  American  animals."— /'A/'/ndV^A/Vt  BHuetin. 

*'  We  recommend  it  most  heartily  to  old  and  young  alike,  and  suggest  it  as  a  beauti- 
ful souvenir  volume  for  those  who  have  seen  tlie  wonderful  display  of  mounted  animalf 
at  the  Worlds  Va.u,"—7'a^Jka  Capital 
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SOCIALISM   NEW  AND    OLD,       By   Professor 
^      William  Graham.    i2mo.    Cloth,  I1.75. 

"  Prof.  Graham's  book  may  be  confidently  recommended  to  all  who  are  interested 
in  the  study  of  socialbm,  and  not  so  intoxicated  with  its  promises  of  a  new  heaven  and 
a  new  earth  as  to  be  impatient  of  temperate  and  reasoned  criticism." — London  Timejs. 

"  Altogether  Mr.  Graham  has  ^ven  us  a  useful  discussion,  and  one  that  deserves  to 
be  read  by  all  who  are  interested  m  the  subject." — Science. 

"  Prof.  Graham  presents  an  outline  of  the  successive  schemes  of  diree  writers  wI>o 
have  chiefly  influenced  the  development  of  socialism,  and  dwells  at  length  upon  the 
system  of  Rousseau,  that  of  St.  Simon,  and  on  that  of  Karl  Marx,  the  founder  of  the 
new  socialism,  *  which  has  gained  favor  with  the  working  classes  in  all  civilized  coun« 
tries.'  which  agrees  with  Rousseau's  plan  in  being  democratic,  and  with  St.  Simon's  in 
aiming  at  collective  ownership.  .  .  .  The  professor  is  an  independent  thinker,  whose 
endeavor  to  be  clear  has  resulted  in  the  statement  of  definite  conclusions*  The  book 
is  a  remarkably  fair  digest  of  the  subject  under  consideration." — Phiiadelphia  Ledger, 

T\YNAMIC  SOCIOLOGY ;  or,  Applied  Social  Science, 

J-^   as  based  upon  Statical  Sociology  and  the  less  Complex  Sciences. 
By  Lester  F.  Ward,  A.  M.    In  2  vols.     i2mo.    Cloth,  $5.00. 

"  A  book  that  will  amply  repay  perusal.  .  .  .  Recognizing  the  danger  in  which 
sociology  is,  of  falling  into  tne  class  of  dead  sciences  or  polite  amusements,  Mr.  Ward 
has  undertaken  to  *  point  out  a  method  by  which  the  breath  of  life  can  be  breathed  into 
its  nostrils.'  "— Rochester  Post  Express. 

"  Mr.  Ward  has  evidently  put  great  labor  and  thought  into  his  two  volumes,  and 
has  produced  a  work  of  interest  and  importance.  He  does  not  limit  his  effort  to  a  con- 
tribution to  the  science  of  sociology.  .  .  .  He  believe*  that  sociology  has  already 
reached  the  point  at  which  it  can  be  and  ought  to  be  applied,  treated  as  an  art,  and  he 
urges  that  '  the  State '  or  Government  now  has  a  new,  legitimate,  and  peculiar  field  for 
the  exercise  of  intelHgence  to  promote  the  welfare  of  men." — New  }'ork  Times. 

*'  A  fundamental  discussion  of  many  of  the  mo>t  important  questions  of  science  and 
philosophy  in  their  bearings  upon  social  economy  and  human  affairs  in  g^eneral.  It 
d«es  not  treat  directly  these  current  questions  in  any  department,  ;ind  yet  it  furnishes 
the  basis  in  science  and  in  logic  for  the  correct  solution  of  nearly  idl  of  them.  It  is 
therefore  exceedingly  opportune,  as  there  has  never  been  a  period  m  which  greater  ac- 
tivity existed  in  the  direction  of  thoroughly  working  out  and  scientifically  settlmg  the 
problems  of  social,  national,  and  individual  life." — H'askingion  Star. 

ipREELAND :  A  Social  Anticipation.     By  Dr.  Theo- 
-^        DOR  Hertzka.     i2mo.    Cloth,  $i.oa 

"A  treatise  on  social  economics  somewhat  on  the  plan  of  Bellamy's  'T^ooking 
Packward.'  Dr.  Hertzka  has  actually  founded  a  socialist  colony  in  Africa,  upon  the 
lines  laid  down  in  this  book,  and  '  Freeland '  is  the  imaginary  history  of  the  future  of 
the  culony.  It  will  doubtless  be  the  cause  of  much  comment  and  discussion."— S'aj* 
Francisco  Evening  Post. 

*'  A  politico-economic  romance  in  which  is  elaborated  a  comprehensive  and  philn- 
aophic  scheme  of  social  reorganization.  Its  author  is  a  Viennese  economist  of  emi- 
nence. .  .  .  Dr.  Hertzka's  conception  of  an  ideal  social  state,  his  'Anticipation'  is  well 
worth  careful  and  sympathetic  reading." — Detroit  Tribune. 

*'  In  the  end  Frechnd  reaches  a  state  of  universal  prosperity  and  contentment  now 
unheard  of.  Dr.  Hertzka  assures  the  reader  that  he  has  drawn  no  Utopia,  but  a  prac- 
ticable community,  such  as  a  sufficient  number  of  vigorous  men  can  establish  in  other 
eligible  parts  of  the  world  as  well  as  in  the  highlands  of  Africa."— C/wrj>MMi/i  Time* 
Star. 
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PVOLUTION    OF    MAN    AND    CHRISTIAN- 

-^-^     ITY,     New  edition.     By  the  Rev.  Howard  MacQueary. 

With  a  new  Preface,  in  which  the  Author  answers  his  Critics, 

and  with  some  important  Additions.     i2mo.     Cloth,  $1.75. 

"  This  is  a  revised  and  enlarged  edition  of  a  book  published  last  year.  The  author 
reviews  criticisms  upon  the  first  edition,  denies  that  be  rejects  the  doctrine  of  the  in- 
carnation, admits  his  doubts  of  the  physical  resurrection  uf  Christ,  and  his  belief  in 
evolution.  The  volume  is  to  be  marked  as  one  of  the  most  profound  expressions  of  tlie 
modem  movement  toward  broader  theological  positions." — Brooklyn  Ittnes. 

*'  He  does  not  write  with  the  animus  of  the  destructive  school;  he  intends  to  be, 
and  honestly  believes  he  is,  doing  a  work  of  con^itrnction,  or  at  least  of  reconstruction. 
...  He  writes  with  manifest  earnestness  and  conviction,  and  in  a  style  which  is  alwa3r> 
dear  and  energetic." — Ckurchnian. 

TJI STORY  OF    THE   CONFLICT  BETWEEN 
J~l     RELIGION  AND    SCIENCE,    By  Dr.   John  Wiluam 
Draper.     i2mo.     Cloth,  $1.75. 

"  The  key-note  to  this  volume  is  found  in  ihe  antagonism  between  the  progressive 
tendencies  of  the  human  mind  and  the  pretensions  of  ecclesiastical  authority,  as  de- 
veloped in  the  history  of  modem  science.  No  previous  writer  has  treated  the  subject 
from  this  point  of  view,  and  the  present  monograph  will  be  found  to  possess  no  less 
originality  of  conception  than  vigor  of  reasoning  and  wealth  of  erudition." — New  York 
Triburu. 

A   CRITICAL  HISTORY  OF  FREE  THOUGHT 

-^  IN  REFERENCE  TO  THE  CHRISTIAN  RELIGION. 
By  Rev.  Canon  Adam  Storey  Farrar,  D.  D.,  F.  R.  S.,  etc. 
i2mo.    Cloth,  $2.00. 

"  A  conflict  mii;ht  naturally  be  anticipated  between  the  n^<ioiung  faculties  of  man 
and  a  religion  which  claims  the  right,  on  superhuman  authority,  to  impose  limits  on 
the  field  or  manner  of  their  exercise.  It  is  the  chief  of  the  movements  of  free  thought 
which  it  is  my  purpose  to  describe,  in  their  historic  sucoession,  and  their  connectioo 
with  intellectual  causes.  We  must  ascertain  the  tacts,  discover  the  causes,  and  read 
the  moral." — The  Author. 

CREATION  OR   EVOLUTION  1     A  Philosophical 
Inquiry,    By  George  Ticknor  Curtis.    i2mo.    Cloth,  $2.00. 

"  a  treatise  on  the  great  questiun  of  Creation  or  Evolution  by  one  who  is  neither  a 
naturalist  nur  theologian,  and  who  does  not  profess  to  bring  to  the  discussion  a  special 
equipment  in  either  of  the  sciences  which  the  controversy  arrays  against  each  other, 
may  seem  strange  at  first  sight ;  but  Mr.  Curtis  will  satisfy  the  reader,  before  many  pages 
have  been  turned,  that  he  has  a  su>>stantial  contribution  to  make  to  die  debate,  and  that 
his  book  is  one  to  be  treated  with  respect  His  part  is  to  apply  to  the  reasonings  of  the 
men  of  science  the  rigid  scrutiny  with  which  the  lawyer  is  accustomed  to  test  the  value 
and  pertinency  of  testimony,  and  the  legitimacy  of  mferences  frx>m  established  facts." 
— Sew  Y'ork  Tribune. 

"Mr.  Ctirtis's  book  is  honorably  distinguished  from  a  <«dly  too  great  proportion  of 
treatises  which  profess  to  discuss  the  relation  of  scientific  theories  to  religion,  by  its 
author's  thorough  acquaintance  with  his  subject,  his  scrupulous  fairness,  and  remaric- 
able  fireedom  from  pa»ion." — London  Literary  World. 
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TTYPNOTISM,     MESMERISAf,    AND    THE 

-Tl    XEW  WITCHCRAFT,      By  Ernest  Hart,  formerly  Sur- 

geon  to  the  West  London  Hospital,  and  Ophthalmic  Surgeon 

to  St.  Mary's  Hospital,  London.    With  20  Illustrations.    i2mo. 

Cloth,  $1.25. 

**  Dr.  Hart  is  not  an  enemy  of  the  spiritual,  but  he  gives  ground  to  neither  ^e 
supernatural  nor  the  preternatural  when  he  can  help  it.  His  state  of  miud  i»  generally 
impartial "—  Chicago  Post. 

"  Mr.  Hart  holds  it  as  proves!  beyond  all  reasonable  doubt  that  the  h>'protic  con- 
dition is  an  admitted  clinical  fact,  and  declares  that  tne  |n^u:(ice  of  h>-pnotism,  except 
by  skilled  physicians,  should  be  forbidden.  He  affirms  its  therapeutic  uselessnes^,  and 
condemns  the  practice  because  of  the  possibilities  of  social  mischicfe.  .  .  .  His  per- 
sonal experiences  in  the  '  New  Witchcraft '  enable  him  to  exercise  a  critical  check  on 
the  wild  theories  and  unsupported  as!>ertions  of  others." — Fkiladelphia  Ledgtr. 

J\yfESMERISM,    SPIRITUALISM,    ETC.,   HIS- 

J VI  TORJCALLY  AND  SCIENTIFICALLY  CONSID- 
ERED. By  William  B.  Carpenter,  M.  D.,  F.  R.  S.  i2mo. 
Cloth,  $1.25. 

*'  The  reader  of  these  lectures  will  see  that  my  whole  aim  is  to  discorer, 
on  the  generally  accepted  principles  of  testimony,  what  are  facts ;  and  to 
discriminate  between  facts  and  the  inferences  drawn  from  them.  I  have  no 
other  '  theory '  to  support  than  that  of  the  constancy  of  the  well-ascertained 
laws  of  Nature." — From  the  IVe/ace. 

PRINCIPLES    OF    MENTAL    PHYSIOLOGY. 

With  their  Application  to  the  Training  and  Discipline  of  the 
Mind,  and  the  Study  of  its  Morbid  Conditions.  By  William 
B.  Carpe.nter,  M.  D.,  F.  R  S.     i2mo.     Cloth,  $3.00. 

"  Among  the  numerous  eminent  writers  this  country  has  produced  none  are  more 
deserving  of  praise  for  having  attempted  to  apply  the  results  of  physiological  research 
to  the  explanation  of  the  mutual  relation!»  of  the  mind  and  body  than  Dr.  Carpenter." 
— London  Lancet. 
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A  TURK  AND   MAN:    Essays,    Scientific    and 

Philosophical.      By  William  B.  Carpeni  er,  M.  D.,  F.  R.  S. 

With  an  Introductory  Memoir  by  J.  Estlin  Carpenter,  M.  A.. 

and  a  Portrait.     i2mo.     Cloth,  $2.25. 

"  Few  works  could  be  mentioned  that  give  a  better  general  view  of  the  change  that 
has  been  wrought  in  men's  concepiiims  of  life  and  Nature.  For  this,  if  for  nothitig 
else,  the  collection  would  be  valuable.  Hut  it  will  be  welcomed  also  as  a  kind  of 
bio;{r.iphy  of  its  author,  for  the  essays  and  the  memoir  support  one  another  and  are 
mutually  illuminative. " — Scotsman. 

"  Mr.  F>RtIin  Carpenter's  memoir  of  his  father  is  just  what  such  a  memoir  should  be 
— a  simple  record  of  a  life  uneventful  in  itself,  whose  interest  for  us  lies  mainly  in  the 
nature  of  the  intellectual  task  so  early  undertaken,  so  strenuously  carried  on,  so 
ample  and  nobly  accomplished,  to  which  it  was  devoted." — London  spectator. 
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HE  CLAIMS  OF  CHRISTIANITY,  By  Wil- 
liam Samuel  Lilly,  Honorary  Fellow  of  Peterhouse,  Cam- 
bridge; author  of  "The  Great  Enigma,"  etc.  8vo.  Cloth, 
I3-50. 

"A  book  which  has  divided  attention  with  Benjamin  Kidd's  'Social  Evolution.' 
The  author's  aim  is  not  that  of  a  theolo^n,  but  rather  that  uf  what  may  be  termed  the 
student  of  events;  in  other  words,  hi*  book  deals  with  Christianity  as  a  fact  in  the 
world's  history.  ...  In  this  volume  these  claims  of  Christianity  are  considered,  first 
as  regards  the  two  other  creeds  besides  the  Christian  which  claim  universality— Bud- 
dhism and  Islam — and  then  as  aflfecitng  and  affected  by  civil  society  in  the  middle  ^Kcs 
in  the  epoch  of  the  Kerui>sance  and  the  Refonnaiion,  and  in  this  new  age."— AVw 
york  Sum. 
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HE  GREAT  ENIGMA,     Hy    William   Samuel 

Lilly.     8vo.    Cloth,  $4.00. 

**  This  volume  is  delightfully  complete  in  the  whole  and  in  the  parts,  in  form  and 
substance.  .  .  .  The  author  has  finished  hi-)  sentences  and  his  argument,  and  rounded 
up  lus  work  with  an  ideal  index  and  a  full  summary  of  his  line  of  thought,  a  very  great 
ai-.i  to  the  ordinary  reader  in  the  attempt  to  master  an  extended  and  subtle  discusaion. 
He  has  his  reward  in  the  effectiveness  of  the  book,  which  is  a  strong,  ingenious,  and  very 
destructive  inquiry  into  the  current  atheistic  and  agnostic  philosophies  as  religions. 
...  He  makes  no  extravagant  claim  for  the  Bible  nor  for  Christian  theology,  uid  he 
d  >es  not  lay  so  much  stress  on  the  postulates  and  ccmclusioiis  of  Christian  science  or 
Christian  philosophy  as  the  supreme  needs  and  responitibilities  of  human  life.  .  .  . 
We  understand  that  Mr.  Lilly  is  a  Roman  Catholic.  'Inhere  is  nothing  in  his  book  to 
stin^^est  any  Roman  limitations  to  his  Catholic  fiiith.  He  has  done  great  good  service 
to  the  cause  of  right  thinking  and  right  living." — ^ew  York  iHdeptndent. 
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HY  NOT  AND  WHY.  Short  Studies  in  Church- 
manship.  By  the  Rev.  William  Dudlkv  Powers.  Second 
edition.     i2mo.     Paper,  50  cents. 

*' '  Tnke  heed  unto  thyself  and  to  the  doctrine.'  An  admirable  gentleness  and 
broadness  of  spirit  characterize  this  litde  work,  whose  author  is  the  well-known  and 
much-esteemed  rector  of  bt.  Andrew's  Church,  this  city.  .  .  .  There  is  not  a  sen- 
tence between  the  covers  which  does  not  breathe  of  charitableness  toward  those  who 
hold  beliefii  other  than  the  writer,  and  love  toward  all  fiiith  that  is  earnest  and  honest, 
under  whatever  name." — Rickmond  Timet. 
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HY  WE  BELIEVE  THE  BIBLE.     An  Hour's 

Reading  for  Busy  People.      By  J.  P.  T.  Ingraham.  S.  T.  D. 
i6mo.     Cloth,  60  cents. 

"  Dr.  Injiraham  has  here  attempted  to  give  in  the  categ0ric.1l  form  a  very  con- 
dense! summary  of  the  reasons  for  receiving  Holy  Scripture.  It  is  impossible,  in  a 
work  of  this  sc  >pe,  to  do  more  than  to  state  dogmatically  conclusions  and  facts,  litis 
has  been  fairly  done  in  the  volume.  ...  It  prepares  the  ^und  for  honest  inquiry, 
and  will  enable  any  one  whose  general  belief  has  been  disturbed  to  see  where  the 
difficulty  lies  " — The  Churchman. 

*'  Our  author  is  practical ;  he  does  not  take  up  with  thet^es.  He  has  produced  a 
book  that  paston:  and  teachers  will  find  of  great  u^e.  It  will  be  helpful  to  hundreds 
of  young  men,  and  save  them  from  misconceptions."— ^A///Mrtf/-r  America  ft. 
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NF.IV  EDITION  OF  PROF,  HUXLEY'S  ESSAYS. 

COLLECTED  ESSA  YS.  By  Thomas  H.  Huxley. 
New  complete  edition,  with  revisions,  the  Essays  being  grouped 
according  to  general  subject.  In  nine  volumes,  a  new  Intro- 
duction accompanying  each  volume.  i2mo.  Cloth,  $1.25  per 
volume. 


Vol. 

I. 

Vou 

II. 

Vol. 

III. 

Vol. 

IV. 

Vol. 

V. 

Vol. 

VI. 

Vol. 

VII. 

Vol. 

VUI. 

Vol. 

IX. 
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